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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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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Introduction

Welding generates fumes and gases which, if inhaled, can be harmful to human health. Therefore,
control of the fume and gases needs to be exercised to minimize worker exposure.

The most effective method of welding fume control is local exhaust ventilation (LEV) which captures
the fumes at source before they enter the general environment and the breathing zone of workers.

One form of LEV used in welding is on-torch extraction in which the extraction system is either an
1ntegra1 part ofthe weldlng torch oris attached to it close to the arc area. Anecdotal ev1dence within the

: [ e e : : ining weld
metal 1ntegr1ty but research (see Blbhography entry [6 ]) has shown this not to be the casej-dertainly as
far ps weld metal porosity is concerned.

It hps been presumed in the drafting of this document that appropriately qualified and ekperienced
people would execute its provisions and interpret the results obtained.

© ISO 2018 - All rights reserved v
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rlding fume extraction devices

Scope

5 document defines a laboratory method for measuring the welding fume capture effici
h extraction systems. The procedure only prescribes a methodolegy, leaving selection
hmeters to the user, so that the effect of different variables can be‘evaluated.

applicable to integrated on-torch systems and to systems where a discrete extract

Finuous wire welding processes, all material types and-allwelding parameters.

method can be used to evaluate the effects of variables such as extraction flow rate, ext]
tion, shielding gas flow rate, welding geometry{welding torch angle, fume emission rg
fure efficiency.

Normative references

following documents are referred-to in the text in such a way that some or all of th
Ktitutes requirements of this decument. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

15767, Workplace atmgspheres — Controlling and characterizing uncertainty in weighin
psols

IEC Guide 98 (alt. patts), Uncertainty of measurement

Terms aind definitions

the putposes of this document, the following terms and definitions apply.

ency of on-
of the test

on system
se with all

ract nozzle
te, etc., on

Pir content
pplies. For
[s) applies.

g collected

and IEC maintain terminological databases for use in standardization at the following ad

dresses:

31

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

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

test chamber
semi-enclosed extracted chamber in which welding fume capture efficiency testing is performed

3.2

isokinetic sampler

dev

ice for collecting aerosol samples at the same velocity as the air being sampled

© ISO 2018 - All rights reserved
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3.3

test chamber sampling duct
duct between the test chamber and an extraction fan in which all the fume generated can be collected
or sampled isokinetically

3.4

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

Note 1 to entry: The emission rate is expressed in mg/s.

4 Prin(Jiple

Automatic
a continuo
and withot
duct is use

Three met
The first m
in the test
the test ch

welding is performed using the on-torch extraction torch under test, on a testpiece, in
1sly extracted test chamber. Testing is carried out using identical welding parameters V
t the on-torch extraction activated. The ratio of measurements in the test chamber samp|
H to calculate the capture efficiency of the on-torch extraction torch.

hods of measuring the fume can be used. Two methods employ gravimetric measure
ethod measures the total fume generated while second method eniploys isokinetic sa

hmber sampling duct.

5 Test

5.1 Genegral requirement

The test setup shall enable containment of the fume génerated in the arc area within the test chan
while ensyring the air velocity in the welding area below the torch does not exceed 0,2 m/s wit}
welding anld with the on-torch extraction off. See also B.1.

NOTE
chamber.

5.2 Test

5.2.1 Teg
generated
avoid prob

Complianc

It is possible that not all of the fume'generated by spatter production be contained within the

quipment and materials

equipment

by the welding or-designed so that the materials used are sufficiently distant from the ay
ems arising from heat and spatter generation. See Figures C.1 and C.2.

e with thé vequirements of 5.1 shall be verified.

5.2.2 Isjkinetic samplers.

side
vith
ling

nt.

mplling
rhamber sampling duct. The third method employs a direct reading measuring techniqrj}z in

ber
out

test

t chamber, constructed of materials that withstand close proximity to the heat and spdtter

c to

The sample Tlow rate shall be such that the velocity through the sample inlet is the same as the
surrounding air velocity.

This ensures that:

— the particle size distribution is not affected by the sampling process; and

— the sample represents the particles present in the sampling duct. See also B.2 and B.3.

5.2.3 Total fume and isokinetic filters, manufactured from glass or quartz fibre, with particle
retention properties down to approximately 1 um to 2 um.

The filters shall not tear or perforate during testing (see A.2) and shall not be so friable that fibres can
be lost from the filters during handling.

2
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Filters shall be treated according to the procedures defined in ISO 15767.

5.2.4 Extraction fan, capable of maintaining a constant flow rate (+2 %) in the test chamber sampling
duct during testing when using during testing with isokinetic sampling or direct reading equipment.

The air flow generated by the fan shall be capable of retaining the entire fume generated within the test

cha

mber (see A.3).

5.2.5 On-torch extraction unit, capable of maintaining a constant flow rate (*#2 %) in the on-torch
extraction line during testing.

5.2

timle, capable of measuring the current, voltage, wire feed speed and arcing time withifi 1 %

Ele
rec

In t
con
may

5.2
pro
con,

NOTI
CEN

5.2

5.2
use

5.2
aut

mmended.

he absence of such equipment, current may be measured using a.shunt or a Hall e
nected to a moving coil meter. Voltage may be measured using a meving coil meter. Wire

Y be determined by measuring the length of wire exiting the weldingtorch in a measured

7 Equipment for direct-reading of fume concentration, with a reading that
portional to the fume concentration with a maximumdlinéarity error of 5 % over th
Centration range.

E Equipment suitable for directreading of fume concentration is described for
/TR 16013.

8 Equipment for measuring the mass-6f fume collected.

Balance capable of measuring the.mass of isokinetic sample filters and isokinetic sar
plus fume with an accuracy of £0,01”mg or better.

Balance capable of measuring. the mass of total fume collection filters and total fumsg
filters plus fume with an afcuracy of #1 mg or better.

capable of measuring the volume flow rate to within +5 % or better. See A.4.

10 Device forvautomatic welding, permitting the capture efficiency test to be perfor

ap

mated conditions, capable of advancing the test piece under a stationary welding f
opriate.rate (welding speed).

It shall'be possible to secure the test piece to the device, such that it cannot bow during weld

6 Equipment for measuring welding current, welding voltage, wire feed speed Jlnd arcing

tronic integrating equipment with frequent sampling intervals and a |ldgging cdpability is

fect probe
feed speed
time.

is directly
e expected

bxample in

hple filters

collection

9 Equipment for measuring shielding gas volume flow rate, calibrated for the shielding gas in

med under
orch at an

ing.

5.2.

11 Device for measuring contact tip to workpiece distance (CTWD).

— Gauge, made by machining a metal block to a thickness equivalent to the required CTWD to within

+5 9% or better; or

Metal wedge with distance markings at appropriate points.

5.2.12 Device for measuring static pressure, capable of measuring static air pressure in the on-torch
extraction line with an uncertainty of measurement not exceeding +1 % of the reading. See A.6.

5.2.13 Device for measuring the mass flow rate to an accuracy of +5 % or better (e.g. according to

ISO

5167). See A.7.

© ISO 2018 - All rights reserved
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5.2.14 Test pieces, of a material and dimensions that are suitable for the capture efficiency test to be
carried out, that allow a weld of sufficient length to be continuously deposited. See A.5.

The same batch of filler wire and test pieces shall be used for each test series.

6 Test procedure

6.1 Preliminary tests

6.1.1 Seftingthe shielding gas flowrate

Set the shi¢lding gas flow rate using the equipment described in 5.2.9.

6.1.2 Magasuring the flow rates and determination of leakage

Measure the mass flow rate at two points shown in Figure 1, without welding, bi»using approprjate
devices angl calculate the air volume flow rate. See also A.7 and Annex G.

Key
1  device fo permit mass flow rate-medsurement at extraction inlet on the connector of the torch
2 measurement point of the masgflow rate at the connector Qm,c
3 connecfion between thetofch and the extraction system
4  on-torch extraction tdrch
5 device fo permit mass flow rate measurement at extraction inlet on the torch (see A.7)
6  measurement point of the mass flow rate at the nozzle Qmn
7  sealing
a  Airflow
Figure 1 — Points for measuring the flow rate

The leakage ratio is M

m,c
where

Qm,n  is the mass flow rate in the nozzle;

Qm,c  isthe mass flow rate in the connector.

4 © ISO 2018 - All rights reserved
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From Qm,n and Qm,c, the volume flow rates (Qyn and Qy,c) are calculated with the theoretical conditions
of temperature and pressure of 20 °C and 101 325 Pa (1 013,25 hPa):

O
p
where p is the air density at 20 °C = 1,204 kg/m3.

Q,=

6.1.3 Establishing the arcing time for total fume emission rate test

F llﬁ +1 | fatad n._4
O vV LIIT Pl vlttudurc siaitcu 111 D.7T.

6.1/4 Setting up the test equipment

Set up the test equipment as shown in Figure 2, in an interference-free environment{see A.9).

© IS0 2018 - All rights reserved 5
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Key
1 method 1 (total mass measurement), according to Table 1
2 method 2 (isokinetic sampling with a weighed filter), aceording to Table 1
3 method 3 (direct reading in the duct or after isokinétic sampling), according to Table 1
4 flowratp measurement at connector of the torch
5  static pfessure measurement
6  total fupne filter
7  welding unit
8 sampleffilter
9 direct rpading instrument

10 flowratp measurement inampling duct
11 extractjon fan
12 on-torch extraction‘umit fan

Figure 2 — Setup for the different measurement methods

6.2 Capture efficiency tests

6.2.1 General

Before starting the capture efficiency test, make sure that all welding conditions and flow rates are set
to the desired values by performing trial tests. Guidance on performing trial tests is given in Annex B.

6.2.2 Test procedure

The steps for carrying out the three different test methods are given in Table 1. For the setup for the
different measurement methods, see Figure 2.

6 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5a5fafdd050281605ca8c2f433efe539

1SO 21904-3:2018(E)

Table 1 — Test procedure

Step Method 1 Method 2 Method 3
number

1 Switch on the on-torch extraction unit.

2 Measure and record the static pressure at the entry to the extraction system on the welding
torch. See A.6.

3 Measure and record the air flow rate at the entry to the extraction system on the welding torch.
See A.7.

4 Iastallapre-weighed-filterintheappropriate-position,see Position.the probg in the

; 7 appropriate position, kee

Figure 2. Figure 2.
Renew or reposition the test piece so that the next weld will be on unused materiat.
Check that the CTWD is correct, see Annex D.

5

Position the test piece under the torch, ready to commence welding, at teast 25 mm frojn any
edge. Switch on the extraction fan to the test chamber (5.2.1). Checkthe‘flow rate and, |f neces-
sary, adjust to the value established according to B.2.

Switch on the pump for the
6 isokinetic sampler. Check and
adjust the flow rate, if necessary.

Start to record the
concentration signal.

Start the device for automatic welding. Wait for the intial pulse of shielding gas to disappear and
a stable shielding gas flow rate is obtained.

Commence welding and begin timing.

7 Stop welding after the required arcing time aid record the time. For determining the r¢quired
arcing time see B.4.

Leave the extraction fan on until the.fume generated has been cleared from the test chgmber (at

least 60 s).
8 _Swit_ch o_ff the pump to the Stop recor@ing t.he
isokinetic sampler. concentration signal.
9 Switch off the on-torch extraction unit and the extraction fan.
10 Remove the filter andireweigh it after appropriate conditioning.
11 Repeat steps 4 to 10ji.e. with the on-torch extraction off.
12 Repeat steps 1 te.11 four times, i.e. five tests with the on-torch extraction on and five t¢sts with

the on-torchlextraction off.

6.2{3 Calculation,of the results

The steps for-catrrying out the calculations for the three different test methods are given in Table 2.

© ISO 2018 - All rights reserved 7
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Table 2 — Calculation of test results

Step
num- Method 1 Method 2 Method 3
ber
Calculate X, according to Formula (1): Calculate X, according to Formula (2):
7y,;+60s
X = mn (1) L c(t)de
T Xi=—— (2)
where T

where

m |s the mass collected on the filter,
1 c isthe concentration,
T |sthearcing time, and
T isthearcing time, and
I s the test number.
I isthe test number.

NOTE For further information see
Annex E.

If apy individual result within the series with the on-torch extraction off differsfrom the respective
megn by more than 15 %, carry out checks to ensure that all equipments fuhctioning correctly angl
repgat the entire procedure.

K —X |

N

2 —+——<0,15 3
5 (3)
where
— 1 5
H=<Z(X) )

Calgulate the capture efficiency according to Formula (5).

nk1-2 (5)
anf

3 where
Xo = average X, with the on-torch.extraction on.

X = average X, with the on-torcth extraction off.

Estimate the uncertainty of the/‘measurements in accordance with the ISO Guide 98.

7 Test parameters for generating capture efficiency data

The weldirlg test parameters used shall be recorded according to Annex F.

The angle ll)etween the vertical and the contact tube shall be measured (see Figure 3).

8 © ISO 2018 - All rights reserved
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T

Key
a |angle between the vertical and the contact tube
a  |Direction of workpiece movement.

Figure 3 — Torch contact tube angle

8 |Testreport

The test report shall include at least the following:

a) |name or trademark of the manufacturer;

b) |make and model of the on-torch extraction torch;

c) |name and address of the party which carries out'the test;
d) |dates of test, signature and name of the testing person;

e) |description of the instrumentation, in¢luding its specification, calibration;
f) |length of the hose connected tothetorch;

g) |test method used (method 152 or 3);

h) |test parameters used (according to Annex F);

i) [testresults:

1) capture efficiency;

2) normatized air volume flow-rate at the nozzle;

3) normalized air volume flow-rate at the connection point of the hose;

4}~ leakage ratio;

j) reference to this document (i.e. ISO 21904-3).

© ISO 2018 - All rights reserved 9
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A.1 Gen,

Annex A
(informative)

Equipment notes

ral

The air vel
the on-torg

A.2 Filt¢

Glass and ¢
passage of

Filters wit
pressure d
emissionr

Filters req

A.3 Extraction fan

With test
200 m3/h

A4 Equ

Gas flow r
or bubble
connected
be taken t
some equiy
shielding g

A.5 Test

Test pieces
suitable fo

bcity at the arc shall not exceed 0,2 m/s (see 5.1), because greater velocities can comprorn
h capture efficiency.
eI'S

juartz fibre filters provide good weight stability with respect to humidity ensuring that]
warm air through them from welding does not result in significantweight changes.

h a small surface area can become clogged very quickly, resulting in an increase in f
te.

hire the support of a suitable mesh.

chambers of the dimensions given in Figure C.1 and Figure C.2, fans capable of moy
ind 260 m3/h respectively are consideréd to be suitable.

ipment for measuring shielding gas flow rate

htes are normally measurediusing a device, such as a rotameter, turbine, mass flow m
[low meter. For measurément of shielding gas flow rates in welding, the device shoulc
to the gas nozzle ofithe torch. If the device is connected in a gas supply line, care shg
b ensure that theré-are no leaks between the measuring device and the torch nozzle.

As compositien,

pieces

hise

the

lter

rop, resulting in a reduction in flow rate when welding-eonsumables with a high fiime

ring

bter
| be
uld
For

ment, such as ratameters and mass flow meters, the flow rate measurement is dependen{t on

made from commercial bar stock, 50 mm wide x 10 mm thick x 500 mm long, are geneq

ally

1 11 ) IS i il £ ol A H L. Jd T 4+ H Lallls
I ar vvcu.uus, DUl 111ditl idlo Ul ULIITT UIIIITCIISIVUIIS ula_y UUT UuostTu. 1ITSL PICLCD o1Idll UT 11

of

coatings, dirt, grease, oil, paints or rust and the condition of the surface shall be as uniform as possible.

A.6 Dev

ice for measuring static pressure

A manometer or digital measuring device is suitable for measuring the pressures encountered in on-
torch extraction systems.

A.7 Dev

ices for measuring mass flow rate

The most appropriate equipment for measuring mass flow rates in ducts is a pressure differential
device such as a venturi nozzle or an orifice plate.

10
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Commercially available equipment for connecting and sealing the mass flow rate device to the torch is
not available. It will be necessary to manufacture suitable equipment “in house”.
A.8 Interference-free environment

An interference-free environment is an environment that does not affect the amount of fume measured.
Therefore, it should be free of significant concentrations of particles that can be collected on the filter.

© ISO 2018 - All rights reserved 11
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Annex B
(normative)

Trial tests

Set the degired test conditions, performing a trial test to set the test current and voltage, as-follg
using the Jame monitoring equipment and materials to be used subsequently to perform the capt
efficiency flest proper.

ws,
ure

Connect the equipment for measuring current, arc voltage, wire feed speed and time.Se€ D.1 for further

guidance on attaching the leads for measuring voltage and current.
Adjust the shielding gas flow rate to the desired value.

Secure a tqg
constant C

st piece inside the test chamber, so that it cannot move or bowyduring welding, such th
WD is maintained throughout the test.

Position thle welding torch at the desired angle and secure it.

Set the desfired CTWD (see D.2) by adjusting the position of the torch.

Set the required welding speed.

Commenceg welding and adjust the power source to provide the desired test current.

Stop weldtg and renew or reposition the test piece so that the next weld is deposited on a dool,
unwelded metal surface, securing it so that it cannot move or bow during welding.

Check that|the CTWD is unchanged and reset if necessary. Resume welding, continue for a suitable time
period and|record the average current:and voltage over the test period.

Verify that{the desired test current and voltage have been attained and, if not, renew or reposition|the
test piece, fe-adjust the power source and repeat the test.

When the fequired test corditions have been achieved, proceed to testing proper.

B.2 Estgblishing the flow rate in the test chamber sampling duct

fan
] to

Set the floy
or an in-lin
0,2 m/s.

v rate/in the test chamber sampling duct, using a frequency converter on the extraction
efralve (see Annex C), to achieve a velocity in the immediate arc area less than or equ3

Measure the air flow rate in the test chamber sampling duct using appropriate equipment (see 5.2.13)
at a position as defined by ISO 3966 or ISO 5167 and record the value.

Perform trial welds, using the equipment welding consumables and parameters to be investigated and
ensure that no fume escapes from the hood throughout the whole test, as determined by observation
using a dust lamp. See Bibliography entry [7].

If fume escapes and the air velocity at the arc is less than 0,2 m/s, increase the flow rate and re-test.
If total fume capture cannot be achieved while maintaining an air velocity in the arc area less than
0,2 m/s, hood re-design is required.
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B.3 Selecting the isokinetic sampler

Calculate the air velocity in the test chamber sampling duct using the following Formula:

Vsda=Qv/Ad

where

acc

NOT

and

B.4
Ren

sec

fum

cen

If,

whi
long
emi

the

Vsq is the duct velocity in m/s;

Oy IS theair flow rate T the testThamber Samphing duct i msy7s;

Aq is the cross-sectional area of the test chamber sampling duct at the sampling point i

iracy using the weighing device available.

E Consider the small amounts of fume that will be collected when the on-torch extraction
is close to 100 % efficient and the larger amounts that will be collected when the on-torch extrag

Establishing the test time for total fume emission rate test

ew or reposition the test piece so that the next weld isideposited on a cool, unwelded me
iring it so that it cannot move or bow during weldingsPut a pre-weighed filter (5.2.3) for
e emission rate in place, manoeuvre the test chamber over the torch so that the torch is
frally, start the on-torch extraction unit (5.2.5) and resume welding.

We‘]d for 60 s and then switch off the extraction@init.

isually, fume escapes from the test chamber before the arcing period is complete, note
ch this first occurs and repeat the trjal test using a shorter arcing time than that noted
rer escapes from the test chamherswhen using the reduced arcing time, use this arcing
ssion rate tests. If fume does escape from the test chamber using the reduced arcing t
process until a suitable arcing-time is obtained.

h m2,

UsiLg the duct velocity and expected fume concentration, select an isokinetic sampler with an inlet
dianeter that is expected to provide fume amounts on the filter that are weighable with an

acceptable

is activated
tion is off.

Fal surface,
measuring
positioned

the time at
If fume no
time in the
me, repeat
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Key

N O U W

Annex C
(informative)

Examples of test chambers

Dimensions in millimetres

1
L
2
|+ 3
ot—|
(=)
[¥a}
E 5
/1| —
1 6
//
JL 7
(=4
LN
=1 000 =500
connectfion to the test chamber sampling.duct
hood
plastic trip curtains or mobile-screen
perforated grid
torch
test piece
motorized traverse,System

Figure C.1 — Example 1 of a test chamber

With a test chamber of the dimensions shown in Figure C.1, an extraction flow rate of 200 m3/h will

provide a velocity less than or equal to 0,2 m/s in the arc area.

14
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Dimensions in millimetres

/ 1
2
(=g
S
(¥a)
= 3
S
S
g 14
|15
| — | —
1250 600
a) front view b) side view
Key
connection to test chamber sampling duct 4  testpiece
test chamber 5 'motorized traverse

welding torch

Figure C.2 — Example 2 of a test chamber

Othler test chamber designs can also besuitable for providing an air velocity in the arc area less than or

equal to 0,2 m/s.

© ISO 2018 - All rights reserved
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D.1 Att

Annex D
(normative)

Test procedures

Attach one

voltage lead to the wire feed unit and the other to the test piece.

NOTE Itis recognized that there can be a small voltage drop between the wire feed unit and thetorch dufing

continuous

ivire welding, but it is very difficult to dismantle the torch and connect a voltage lead:

If used, a Hpll effect probe shall be positioned on the current return lead, so that the direction of curfent

flow matcH

es the direction indicated on the probe.

D.2 Setting the CTWD

Remove th|
the test pi¢
position an
be re-attac

hed and re-attach it.

16

e gas nozzle from the torch. Fix the test piece in position‘and place the gauge or wedg¢ on
ce. Lower the torch until the contact tip touches the gauge or the wedge at the approprjate
d secure the torch. Drive the traverse until the torchs\in a position where the gas nozzle|can
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