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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Ra
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Introduction

Itis common practice in the fabrication industry to control exposure to welding fume using local exhaust
ventilation equipment that, following capture and separation of the fume, returns the extracted air to
the workplace or exhausts it to the atmosphere. It is important that such equipment has high separation
efficiency so that as little fume as possible is recirculated or exhausted. This part of ISO 15012 has
therefore been promulgated to specify requirements and a test method for determining the efficiency of
welding fume separation equipment.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD ISO 15012-1:2013(E)

Health and safety in welding and allied processes —
Equipment for capture and separation of welding fume —

Part 1:
Requirements for testing and marking of separation
efficiency

1 [Scope

Thip part of ISO 15012 specifies a method for testing equipment for the sepatation of welding fume in
ordpr to determine whether its separation efficiency meets specified requiré€ments.

Theg method specified does not apply to testing of filter cartridges independent of the equipment in
which they are intended to be used.

Thip part of ISO 15012 applies to equipment that is manufacturéd after its publication.

2 |[Normative references

The following referenced documents are indispensable for the application of this document. For dated
refgrences, only the edition cited applies. For undated references, the latest edition of the [referenced
document (including any amendments) applies,

[S0|2602, Statistical interpretation of test résults — Estimation of the mean — Confidence intefval

[SO|15011-1, Health and safety in welding-and allied processes — Laboratory method for sampling fume and
gases — Part 1: Determination of fumelemission rate during arc welding and collection of fume for analysis

3 |Terms and definitions
For|the purposes of this.decument, the following terms and definitions apply.

3.1
local exhaust véntilation
LEVY
use|of extraction to remove contaminated air at or near to its source

3.2
welding fume separation equipment
air filtration equipment, the purpose of which is to separate particles generated by welding and allied
processes from workplace air

3.3

filter cleaning system

system designed to clean the filter of welding fume separation equipment in order to restore the air flow
rate through the filter when it is reduced by an accumulation of welding fume particles

© IS0 2013 - All rights reserved 1
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3.4

separation efficiency by mass
ratio of the mass of particles retained by welding fume separation equipment to the mass of particles
entering the equipment during a given period

Note 1 to en

3.5

try: See also EN 1093-6[10] and EN 1093-7.[11]

emission rate
mass of the particles emitted by the welding fume source per time

Noteltoe
Note2toe

3.6
free-stang
separation

3.7

modular system

separation

4 Requ

When teste
shall have

5 Pringiple

The metho
separation|

The emiss
concentrat

Before sep
fume sourg

For equipn
through th
concentrat

For equipm
a further y
efficiencies

I

ry: emission rate i1s expressed in milligrams per second.

ry: See Annex B.

ling unit
equipment with an integrated fan

equipment consisting of a filter box, or multiple filter boxes, corinected to a single fan

irement

dinaccordance with the procedure described in Clause)/, welding fume separation equipnent

h lower confidence limit value of separation efficiency 299 %.

d is based on the methods specified itcEN 1093-6[10] and EN 1093-7.[11] The welding fiime

equipment under test is operated under defined conditions, according to its intended use.

on rate of a welding fume source is measured and used subsequently to calculate
ion of fume generated duringa test period when separation efficiency is measured.

aration efficiency measuréments are made, welding fume is generated using the welc
e and separated for @ period of 30 min.

hent with filters”that are not intended to be cleaned, the concentration of fume pas

h

the

ling

bing

e separation equipment during a 30 min period is measured and used together with the fiime

jion calculated from the fume emission rate to determine the separation efficiency.

ent with:cleanable filters, an additional separation efficiency measurementis performed affter

felding period without measurement and filter cleaning. The average of the two separa
iS<¢alculated.

fion

Two tests are performed and the average, the 95 % one-sided confidence interval and the lower
confidence limit value of the separation efficiency are calculated according to ISO 2602. If the resulting
lower confidence limit value is less than the required separation efficiency, consideration shall be given

to perform

ing further tests.

6 Equipment

6.1 Welding fume source, capable of maintaining an emission rate of 10 mg/s * 2 mg/s throughout the
test period. The welding fume source shall be fitted with an extracted fume hood that retains all the fume
emitted and shall be designed in such a way that it can be connected to the inlet duct of the test cabin, as
described in Figure 1, or directly to welding fume separation equipment with a ducted outlet, as described

© ISO 2013 - All rights reserved
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in Figure 2. It shall be possible to determine the welding fume emission rate in situ without disturbing the
welding set-up in any way. An example of a suitable welding source and parameters required to achieve
the required welding fume emission rate are described in Annex B.

6.2

Test cabin, consisting of an enclosure for the welding fume separation equipment under test,

connected to the welding fume source via an upstream measurement duct. The cabin is connected to a
downstream measurement duct and an air mover (see Figure 1). The air flow rate through the air mover
is adjusted to between 95 % and 100 % of the air flow rate in the upstream duct, thus ensuring a small
positive air pressure in the cabin.

Key
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welding fume source (see Figure B.1)

welding fume separation equipment

test cabin with funnel shaped outlet

air mover

position for measuring the air flow rate in the upstream duct, qy, 1

positions fopmeasuring the air flow rate in the downstream duct, qy, 2 and isokinetic sampling of yelding
fume inthe/downstream duct

damper*(to control the air flow rate passing through the welding fume source in order to avoid shielding gas
disturbance)

low-air-fowraté are under
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damper (to regulate the total air flow rate passing through the separation equipment)

damper (to control the air flow rate in the downstream duct in order to achieve a slight overpressure in the
cabin)

gap with a flap (to prevent damage on the cabin in case of high overpressure)
upstream duct diameter
downstream duct diameter

Figure 1 — Example of test cabin (schematic layout)
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The positions for measuring the air flow rate and isokinetic sampling of welding fume in the downstream
duct are not the same, but are shown thus in Figure 1 for convenience. The requirement is that they
comply with the dimensions marked in Figure 1.

6.3 Test arrangement for welding fume separation equipment with a ducted outlet, consisting of
a welding fume source connected to the equipment via an upstream measurement duct. The outlet of the
welding fume separation equipment is directly linked to the downstream measurement duct (see Figure 2).

6

\ 254, 23d,
3

S B =

-~ ] 25d2 23d2
3 —

|- K/EN /*
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Key
welding fume source
welding fume separation equipment

damper (to control the air flow passing-through the welding fume source in order to avoid shielding gas
disturbpnce)

positio]: of equipment for measuring the air flow rate in the upstream duct

5 position of equipment for measuring the air flow rate and the welding fume concentration in the downstrgam

duct

6  dampef (to ensure that all welding fume is captured, even when filter units with low air flow rates are under
test)

7  damper (to regulate the total air flow passing through the separation equipment)

dy upstredm ductdiameter

d> downsl]ream duct diameter

Figure 2 — Test arrangement for welding fume separation equipment with a ducted outlet
(schematic layout)

6.4 Air volume flow rate measurement equipment, capable of measuring rates up to 2 000 m3/h
continuously, to within +200 m3/h or better. The following combination of equipment is suitable.

A flow meter with a calibrated relationship between pressure difference and air flow rate, e.g. an orifice
plate, together with a digital manometer with a reading accuracy of at least 0,1 Pa to measure the
pressure difference across it. The digital manometer shall have a logging capability or be connected to a
logging system with a logging frequency of 1 min or less.

4 © IS0 2013 - All rights reserved
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A device for measuring air flow rate with equivalent performance is also suitable.

The calibration of all equipment shall be traceable to national standards.

7

7.1

Test method

Selection of test arrangement

Use the test cabin illustrated in Figure 1 or the test arrangement shown in Figure 2. Any welding fume

sep

ration equipment (including individual modules of a modular system) can be tested us

ing the test

cab

equiipment with a ducted outlet can be tested using the arrangement shown in Figure 2-

7.2

Car

For

2000 m3/h, carry out the test of separation efficiency using a specially made scaled down typi
fferent fans can be used in combination with the welding fume'separation equipment, carry out the

Ifd
test
the

7.3

7.3

Det
the

a pi
div
7.3
Seld

n depicted in Figure 1, provided it can be fitted into the test cabin. Only welding fume

Test conditions

modular welding fume separation equipment, if the designed air‘volume flow rate is gI

of separation efficiency using the minimum and maximum air volume flow rates recom
manufacturer.

Procedure

1 Source emission rate measurement

brmine the emission rate of the welding-source using the exact conditions used during 1
general approach specified in ISO 15011-1. Weld while sampling total welding fume e
eweighed filter. Stop welding and.Sampling and reweigh the filter. Calculate the emiss
ding the mass of welding fume collected on the filter by the sampling time.

2 Equipment without filter cleaning system
ct the test arrangement-and set up the test conditions.
Determine the source emission rate according to 7.3.1.

Switch on the-welding fume separation equipment, the air volume flow rate measurems
and the airymover in the downstream measurement duct. Adjust the flow rate in the ups
usingthedampers to the air volume flow rate stated by the manufacturer.

Monitor the air volume flow rate throughout the test. If at any point the air volumsg

separation

ry out the test under conditions that are similar to the normal wgrking conditigns for the
equlipment under test.

eater than
fal module.

mended by

esting and
mission on
on rate by

nt systems
fream duct

e flow rate

falls below the minimum value cppr‘ifipd hy the manufacturer discontinue the test H

eport that

the test could not be completed under the specified conditions while meeting the manufacturer’s

specification for minimum air volume flow rate.

Generate and separate welding fume for an arcing period of 30 min without measurement in order
to precondition the separation equipment. Use precoated filters to test equipment with mechanical

separation systems, if their use is intended by the manufacturer.

Commence sampling and collect samples of welding fume for an arcing period of 30 min.

Continue welding for a further arcing period of 60 min without measurement (see Figure 3) and

record the air volume flow rate at the end.

When the test is completed, repeat the determination of the source emission rate accord
and average the results of the first and second emission rate determinations.

© IS0 2013 - All rights reserved
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Welding fume separation equipment - Type:

D

A B c
o .
1 1 1 1
30 — - - — -
60 -— - - — -

01414144 -

120 — - - — 1 -

150 f—————— — RS

180 f—————————————— &

210 f————————— T ———

t/min

Key
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<

=}
o

welding fume separation equipment\without filter cleaning system

welfling fume separation equipment with manually initiated filter cleaning system
welfing fume separation equipment with an automatically initiated filter cleaning system
welding fume separation€quipment with electrostatic precipitator

arcing time

welHing without efficiency measurement

welding withéfficiency measurement

B W N R g0 W >

aut¢matically initiated filter cleaning system is active

ma¥ually initiated cleaning

NOTE The testis notinvalidated if automatically initiated cleaning of the filter occurs at any point during the test.
Figure 3 — Test procedure

— Repeat the welding fume separation test after fitting a new filter in the welding fume separation
equipment.

— Determine the separation efficiency by mass for each test using Formula (1).

— Calculate the average, the 95 % one-sided confidence interval and the lower confidence limit value
of the separation efficiency based on the test results and compare to the specified requirements.

6 © IS0 2013 - All rights reserved
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NOTE ISO 15767[6] specifies measures to be taken to control and characterize errors in weighing
collected aerosols.

7.3.3 Equipment with manually initiated cleaning system
Select the test arrangement and set up the test conditions.
— Determine the source emission rate according to 7.3.1.

— Switch on the welding fume separation equipment, the air volume flow rate measurement systems,
and the air mover in the downstream measurement duct. Adjust the flow rate in the upstream duct
using the dampers to the air volume flow rate stated by the manufacturer.

— |Monitor the air volume flow rate throughout the test. If at any point the air folumg¢ flow rate
falls below the minimum value specified by the manufacturer, discontinue the test. Report that
the test could not be completed under the specified conditions while meeting the manfufacturer’s
specification for minimum air volume flow rate.

— | Generate and separate welding fume for an arcing period of 30 min without measuremgnt in order
to precondition the separation equipment. Use precoated filters to.test equipment with mechanical
separation systems, if their use is intended by the manufacturer.

— |Commence sampling and collect samples of welding fume fot,air arcing period of 30 min

— |Continue welding for a further arcing period of 60 min” without measurement (seq Figure 3)
providing the air flow rate exceeds the minimum value'specified by the manufacturer.

— |Initiate a filter cleaning and continue welding fora period of 30 min with measuremert and with
new sampling filters.

— |When the test is completed, repeat the detefmination of the source emission rate according to 7.3.1
and average the results of the first and second emission rate determinations.

— | Calculate the separation efficiencydor each of the measurement periods and calculate the average.
This is the result of the test.

— |Repeat the welding fume separation test after fitting a new filter in the welding fume |separation
equipment.

— |Calculate the average,)the 95 % one-sided confidence interval and the lower confidencelimit value
of the separation-efficiency based on the test results and compare to the specified requifements.

NOTE ISO 15767[6] specifies measures to be taken to control and characterize errors in weighing
collgcted aerosels,

7.3}4 Equipment with automatically initiated cleaning system

Selgctthe test arrangement and set up the test conditions.

— Determine the source emission rate according to 7.3.1.

— Switch on the welding fume separation equipment, the air volume flow rate measurement systems,
and the air mover in the downstream measurement duct. Adjust the flow rate in the upstream duct
using the dampers to the air volume flow rate stated by the manufacturer.

— Monitor the air volume flow rate throughout the test. If at any point the air volume flow rate
falls below the minimum value specified by the manufacturer, discontinue the test. Report that
the test could not be completed under the specified conditions while meeting the manufacturer’s
specification for minimum air volume flow rate.

© IS0 2013 - All rights reserved 7
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— Generate and separate welding fume for an arcing period of 30 min without measurement in order
to precondition the separation equipment. Use precoated filters to test equipment with mechanical
separation systems, if their use is intended by the manufacturer.

— Commence sampling and collect samples of welding fume for an arcing period of 30 min.

— Continue welding for a further arcing period of 60 min without measuring (see Figure 3) providing
the air flow rate exceeds the minimum value specified by the manufacturer.

— Initiate a filter cleaning and continue welding for an arcing period of 30 min with measurement and
with new sampling filters.

NOTE1 Any automatically initiated cleaning cycles occurring during the test can be ignored.

— When the test is completed, repeat the determination of the source emission rate according to 1.3.1
and average the results of the first and second emission rate determinations.

— Calculate the separation efficiency for each of the measurement periods and cal¢ulate the averpge.
This is|the result of the test.

— s

— Repeag the welding fume separation test after fitting a new filter in therwelding fume separat
equiprhent.

on

— Calculate the average, the 95 % one-sided confidence interval and%he lower confidence limit value
of the separation efficiency based on the test results and compare.to the specified requirementg.

NOTE 2 1SO 157676l specifies measures to be taken to controland characterize errors in weighing
collected agrosols.

7.3.5 Equipment with electrostatic precipitators
Select the flest arrangement and set up the test conditions.
— Deterrhine the source emission rate according to 7.3.1.

— Switch on the welding fume separationequipment, the air volume flow rate measurement systgms,
and thp air mover in the downstream measurement duct. Adjust the flow rate in the upstream qluct
using fhe dampers to the air volume flow rate stated by the manufacturer.

— Monitgr the air volume flow;, rate throughout the test. If at any point the air volume flow rate
falls below the minimuntvalue specified by the manufacturer, discontinue the test. Report that
the teqt could not be completed under the specified conditions while meeting the manufacturer’s
specification for minimum air volume flow rate.

— Genergte and sepdrate welding fume for an arcing period of 30 min without measurement in ofder
to preg¢onditiersthe separation equipment.

— Commence'sampling and collect samples of welding fume for an arcing period of 30 min.

— Continue welding for a further arcing period of 120 min without measurement (see Figure 3)
providing the air flow rate exceeds the minimum value specified by the manufacturer.

— Repeat the measurement of the separation efficiency.

— When the test is completed, repeat the determination of the source emission rate according to 7.3.1
and average the results of the first and second emission rate determinations.

— Calculate the separation efficiency for each of the measurement periods and calculate the average.
This is the result of the test.

— Repeat the welding fume separation test after fitting a new filter in the welding fume separation
equipment.

8 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=9557712759656df0a4e4d0197ba0e740

1SO 15012-1:2013(E)

Calculate the average, the 95 % one-sided confidence interval and the lower confidence

limit value

of the separation efficiency based on the test results and compare to the specified requirements.

NOTE ISO 15767l6] specifies measures to be taken to control and characterize errors i
collected aerosols.

7.4

Calculation of the separation efficiency

Calculate the separation efficiency by mass 1 using Formula (1):

n weighing

[y
M= 1— = XT00% (0
Yin
where
mS out 3
Yout = mg/m (2)
VS out
m; 3
Yin =7, mg/m 3)
in
in which
Mms out 1S the mass of the welding fume particles on the sampling filter in the downstream ajr [mg];
mjn  is total mass of emitted welding fume from thesource calculated from the average emission
rate multiplied by the measuring time [mgl;
Vsout is the total air volume that passes thretigh the sampling filter in the downstream air|{[m3];
Vin  is the total air volume that passes through the separation equipment during the test|[m3].
Uselthe method described in ISO 2602 for statistical interpretation of the test results.
8 [Accuracy of measuréenient
Thg measurement error(is)expected not to exceed 1 %, based on a worst case scenario.
9 |Marking
If tHe requireément of Clause 4 is met, the manufacturer may label the equipment W3 as shown jn Annex A.
NOTE In ISO 15012-1:2004, equipment with a separation efficiency >95 % was labelled W1 and equipment
Witlll aseparation efficiency >98 % was labelled W2.
© IS0 2013 - All rights reserved 9
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See

= Q W N =

Annex A
(normative)

Label for welding fume separation equipment

Figure A.1.
0,2a
1 2
N
>
I\ .
NV
ISO 15012-1 3 Q
N\
o O
17>99 % \6
| @ | g
s\‘(‘ =
RAL 50p5 (blue) A’\Q’
RAL 90p3 (white) xO
RAL 90p4 (black) .\(‘}‘
50 mmjor 100 mm C)\
separatfion efficiency by mass @ .
NOTE Marking with W3 is optior@l)o
Figure@%’— Label for welding fume separation equipment
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Annex B
(informative)

Welding fume source

A suitable welding fume source consists of a continuous wire welding torch, connected to a power
soUFee-pperatipenith sulsed parameters welding snarotatinaesteel drumasshown-schematically in
Figlire B.1. The rigis set up to enable welding to progress continuously for the duration of theftest period
by flixing the position of the welding torch while automatically shifting the steel drum h@rjzontally along
its gxis by at least the width of a weld with each rotation of the drum.

FVin

Key]

1 continuous wireswelding torch

2 fume hood

3 rotating-steel drum

qv i air volunie flow rate from the source

Figure B.1 — Welding fume source (schematic layout)

Thewelding conditions i Tabie B-L are suitabte for obtaining an emission rate of approximately 10 mg/s.

© IS0 2013 - All rights reserved 11
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