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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

At present, there is no universal opinion concerning the best experimental method that gives an absolute
measurement of the amount of ferrite in a weld metal, either destructively or non-destructively. This
situation has led to the development and use, internationally, of the concept of a "Ferrite Number" or FN.
A Ferrite Number is a description of the ferrite content of a weld metal determined using a standardized
procedure. Such procedures are laid down in this document. The Ferrite Number of a weld metal has
been considered approximately equivalent to the percentage ferrite content, particularly at low FN
values. More recent information suggests that the FN can overstate the volume percent ferrite at higher
FN by a factor in the order of 1,3 to 1,5, which depends to a certain extent on the actual composition of

the al}es-in-question-

AlthoLgh other methods are available for determining the Ferrite Number, the standardiz¢d measuring
procedure, laid down in this document, is based on assessing the tear-off force needed to pull the weld
metal sample from a magnet of defined strength and size. The relationship between tear{off force and
FN is|obtained using primary standards consisting of a non-magnetic coating‘of specified|thickness on
a magnetic base. Each non-magnetic coating thickness is assigned an FN value!

The ferrite content determined by this method is arbitrary and is not necessarily the trup or absolute
ferritg content. In recognition of this fact, the term "Ferrite Number"(FN) is used instead qf "ferrite per
cent"[when quoting a ferrite content determined by this method.fTo help convey the mesqage that this
standardized calibration procedure has been used, the terms "Ferrite Number" and "FN" ayje capitalized
as prgper nouns.

© ISO 2018 - All rights reserved v
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Welding — Determination of Ferrite Number (FN) in
austenitic and duplex ferritic-austenitic Cr-Ni stainless
steel weld metals

1

The

Scope

This Iocument specifies the method and apparatus for:

the measurement of the delta ferrite content, expressed as Ferrite Number (FN),inlarg
apd duplex ferritic-austenitic stainless steel!) weld metal through the attraetive for
weld metal sample and a standard permanent magnet;

(=

he preparation and measurement of standard pads for manual metal-arc covered elg
general method is also recommended for the ferrite measurement ofproduction welds
npetal from other processes, such as gas tungsten arc welding, gas shielded metal arg
spibmerged arc welding (in these cases, the way of producing thepad should be define

tr]:e calibration of other instruments to measure FN.

ethod laid down in this document is intended for use)on weld metals in the as-welg

on w¢ld metals after thermal treatments causing complete or partial transformation of f
non-magnetic phase. Austenitizing thermal treatments which alter the size and shape
change the magnetic response of the ferrite.

The

npethod is not intended for measurement of the ferrite content of cast, forged or wroug

or duplex ferritic-austenitic steel samples.

2

Normative references

Therd are no normative references in this document.

3

Tlerms and definitions

No terms and definitions are listed in this document.

[SO apd [EC maintain terminological databases for use in standardization at the following

4

et

$0 Oriline browsing platform: available at https://www.iso.org/obp

ely austenitic
‘e between a

ctrodes. The
and for weld
welding and

);

ed state and
errite to any
bf the ferrite

ht austenitic

addresses:

[ECElectropedia: available at http://www.electropedia.org/

Principle

The measurement of the ferrite content of largely austenitic stainless steel weld metal through the
attractive force between a weld metal sample and a permanent magnet is based on the fact that the
attractive force between a two-phase (or multiphase) sample containing one ferromagnetic phase
and one (or more) non-ferromagnetic phase(s) increases as the content of the ferromagnetic phase
increases. In largely austenitic and duplex ferritic-austenitic stainless steel weld metal, ferrite is
magnetic, whereas austenite, carbides, sigma phase and inclusions are non-ferromagnetic.

1) The term "austenitic-ferritic (duplex) stainless steel” is sometimes applied in place of "duplex ferritic-austenitic
stainless steel".
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5 Calibration

5.1 Coating thickness standards

The coating thickness standards shall consist of non-magnetic copper applied to an unalloyed steel
base of size 30 mm x 30 mm. The thickness of the unalloyed steel base shall be equal to or greater than
the experimentally determined minimum thickness at which a further increase of the thickness does
not cause an increase of the attractive force between the standard permanent magnet and the coating
thickness standard. The thickness of the non-magnetic copper coating shall be known to an accuracy of
+5 9% or better. The chemical composition of unalloyed steel shall be within the limits given in Table 1.

Table 1 — Chemical composition limits - unalloyed steel

Element Limit
% (by mass)
C 0,08 to 0,13
Si 0,10 maximum
Mn 0,30 to 0,60
P 0,040 maximum
N 0,050 maximum

The copper
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copper coati

To ensure ad
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Standards ar

5.2 Magn
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50 mm in le
As an examy
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that the forc
is within *1
equivalent ta

5.3 Instru

The measure

coating may be covered by a chromium flash. The-force required to tear off a
hagnet from the copper coating side of such a standard increases as the thickness
g decreases.

equate reproducibility of the calibration, the‘coating thickness standards defined
ed. In particular, coating thickness standards produced by the US National Instit
d Technology (NIST, formerly National.Bureau of Standards or NBS) may be used.

pt

l magnet shall be a permanéent magnet of cylindrical shape, 2 mm in diameter and
hgth. One end of the magnet shall be hemispherical, with a 1 mm radius and pol
le, such a magnet can be) made of 36 % cobalt magnet steel, 48,45 mm #* 0,05 mm
saturated and then(diluted to 85 %. The magnetic strength of the magnet shall bd
e needed to tear off-the standard magnet from the different coating thickness stan
) % of the relationship shown in Figure 1 (the weight of the magnet excluded). T|
arelationship-between tear-off force and Ferrite Number of 5,0 FN/g £ 0,5 FN/g.
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be increased until the permanent magnet is detached from the test specimen. The instrument shall
accurately measure the tear-off force which is required for detachment. The reading of the instrument
may be directly in FN or in grams-force or in other units. If the reading of the instrument is in units
other than FN, the relationship between the FN and the instrument reading shall be defined by a
calibration curve.

NOTE Many instruments used to measure the thickness of a non-magnetic coating over a ferromagnetic
base are suitable (e.g. MAGNE-GAGE of USA origin) and some commercially available instruments are designed
directly for measurement of ferrite content (e.g. ALPHA-PHASE-METER of former USSR origin). In addition, after
suitable in-house alterations, some laboratory balances can be used.
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y  tdar-off force, gram force (gf)

Figure 1 — Relationship between the tear-off forces of the standard magnet defined in 5.2 and

5.4

In or
defin

the coating thickness standards defined in 5.1

Calibration curve

erto\generate a calibration curve, determine the force needed to tear off the stan
d-in 5.2 from several coating thickness standards defined in 5.1. Then, convert 4

dard magnet
he thickness

of non-magnetic coating of the coating tNICKNESS standards into FN in accordance with lable 2, or in
accordance with Formula (1)[4l:

FN = exp{1,805 9 -1,118 86 [In()] - 0,177 40 [In(6)]2 - 0,035 02 [In(6)]3 - 0,003 67 [In(E)]4} (1)

where t is the non-magnetic coating thickness, expressed in millimetres.

Finally, plot the calibration curve as the relationship between the tear-off force in the units of the
instrument reading and the corresponding FN.

To calibrate the instrument for measurement of ferrite content within the range from 0 FN to
approximately 30 FN, which is appropriate for nominally austenitic stainless steel weld metals, a set

© ISO
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consisting of a minimum of eight standards with copper coating thicknesses between approximately
0,17 mm and approximately 2 mm is recommended.

NOTE This calibration procedure can give misleading results if used on instruments measuring the ferrite
content in ways other than through the attractive force or on instruments measuring ferrite through the
attractive force but employing other than the standard magnet defined in 5.2. Instruments which cannot be
calibrated by the coating thickness standards and by the procedure specified in 5.2 to 5.4 can be calibrated as
described in Clause 8.

To extend the calibration from approximately 30 FN to 100 FN, which is appropriate for duplex ferritic-
austenitic stainless steel weld metals, a set consisting of a minimum of five standards with coating
thicknesses between 0,03 mm and 0,17 mm is recommended.

Table 2 4+ Relationship between Ferrite Number and thickness of non-magnetic coating|of
coating thickness standards (specified in 5.1) for calibration of instruments for measurement
of ferrite content through attractive force (specified in 5.3) using the standard'imagnet
(specified in 5.2)
Coating Coating Coating Coating Coating
thickness thickness thickness thickness thickness
¢ FN ¢ FN ¢ FN ¢ EN ¢ FN
mm mm mm mm mm

0,020 110,5 0,049 68,3 0,078 51,0 0,134 35,3 0,300 19,1
0,021 108,0 0,050 67,5 0,079 50,6 0,136 34,9 0,320 18,1
0,022 105,7 0,051 66,7 0,080 50,2 0,138 34,5 0,340 17,2
0,023 103,4 0,052 659 0,082 49,3 0,140 34,2 0,360 16,4
0,024 101,3 0,053 65,1 0,084 48,6 0,142 33,8 0,380 15,7
0,025 99,2 0,054 64,4 0,086 47,8 0,144 33,5 0,400 15.0
0,026 97,3 0,055 63,7 0,088 47,1 0,146 33,2 0,420 14,4
0,027 95,4 0,056 63,0 0,090 46,4 0,148 32,8 0,440 13,8
0,028 93,6 0,057 62,3 0,092 45,7 0,150 32,5 0,460 13,2
0,029 91,9 0,058 61,6 0,094 45,1 0,155 31,7 0,480 12,7
0,030 90,3 0,059 60,9 0,096 44,4 0,160 31,0 0,500 12,3
0,031 88,7 0,060 60,3 0,098 43,8 0,165 30,3 0,550 11,2
0,032 87,2 0,061 59,7 0,100 43,2 0,170 29,7 0,600 10,3
0,033 85,8 0,062 59,1 0,102 42,6 0,175 29,0 0,650 9,6
0,034 84,4 0,063 58,5 0,104 42,1 0,180 28,4 0,700 8,9
0,035 83,0 0,064 579 0,106 41,5 0,185 279 0,750 8,3
0,036 81,7 0,065 57,3 0,108 41,0 0,190 27,3 0,800 7,7
0,037 80,5 0,066 56,8 0,110 40,5 0,195 26,8 0,900 6,8
0,038 79,3 0,067 56,2 0,112 40,0 0,200 26,3 1,000 6,1
0,039 78,1 0,068 55,7 0,114 39,5 0,205 25,8 1,200 4,93
0,040 77,0 0,069 55,2 0,116 39,0 0,210 25,3 1,400 4,09
0,041 759 0,070 54,7 0,118 38,6 0,220 24,4 1,600 3,45
0,042 74,8 0,071 54,2 0,120 38,1 0,230 23,6 1,800 2,94
0,043 73,8 0,072 53,7 0,122 37,7 0,240 22,8 2,000 2,54
0,044 72,8 0,073 53,2 0,124 37,2 0,250 22,1 2,200 2,21
0,045 71,8 0,074 52,8 0,126 36,8 0,260 21,4 2,400 194
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Table 2 (continued)

Coating Coating Coating Coating Coating
thickness thickness thickness thickness thickness
¢ FN ¢ FN ¢ FN ¢ FN ¢ FN
mm mm mm mm mm
0,046 70,9 0,075 52,3 0,128 36,4 0,270 20,8 2,600 1,72
0,047 70,0 0,076 51,9 0,130 36,0 0,280 20,2 2,800 1,53
0,048 69,1 0,077 51,4 0,132 35,6 0,290 19,6 3,000 1,36

6 Sltandard method for covered electrode test pads

6.1 |Dimensions of weld metal test specimens

Standard weld metal test specimens for manual electrodes shall be of thé/size and shgpe indicated

in Figure 2. For the measurement of ferrite content by instruments/magnets or processg¢s other than

those|specified in 5.2 and 5.3, a larger specimen can be necessary. In\such cases, the sizp and way of
prodycing the pad shall be clearly and carefully defined.

6.2 [Depositing weld metal test specimens

a) The weld pad shall be built up between two coppersbars laid parallel on the base plate. Spacing
shall be adjusted to accommodate the electrode sizeto be used as specified in Table 3.

b) The weld pad shall be built up by depositing layers one on top of the other to a minfimum height
of 12,5 mm (see the Note on Figure 2). Eaclvlayer shall be made in a single pass for electrode
diiameters 24 mm. For small diameters, each layer except the top layer shall be constituted by two
or more beads deposited with a maximtum weave of 3 times the core wire diameter. [[he arc shall
npt be allowed to come into contact with the copper bar.

Dimension|in millimetres
w
10 min. [ 10 npin.
1 — | 1 C —
A Y rJfr i‘
. A .

25min. 65 min. _

= T2 - o
E
o
i

Key

1 copper bar of dimensions 70 x 25 x 25

l length of the area where ferrite content is measured (see Table 3)

w width of the area where ferrite content is measured (see Table 3)

NOTE The base metal is preferably austenitic Cr-Ni steel type X2CrNi18-9 or X5CrNi18-9 (see ISO 15510)
and, in this case, the minimum pad height is 13 mm. Mild steel (C-Mn steel) can also be used and, in this case, the
minimum pad height is 18 mm.

Figure 2 — Weld metal specimen for ferrite determination

© IS0 2018 - All rights reserved 5
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c¢) The arclength shall be as short as practicable.

d) The welding currents shall comply with the values given in Table 3. The weld stops and starts shall
be located at the ends of the weld build-up. The welding direction shall be changed after each pass.

e) The weld pad may be cooled between passes by water quenching no sooner than 20 s after the
completion of each pass. The maximum temperature between passes shall be 100 °C. Each pass
of the last layer shall be air cooled to a temperature below 425 °C before water quenching.

f) Each weld pass shall be cleaned before the next is deposited.

g) In all cases, the topmost layer, at least, shall consist of a single bead deposited with a maximum
weave of 3TImes the core wire diameter.

Table 3 — Welding parameters and deposit dimensions

Electrodq diameter Welding currenta Approximate dimensions
Width, w Length, |

mm A mm mm

1}6 35to 45 12,5 30

P 45to 55 12,5 30

2}5 65 to 75 12,5 40

90 to 100 12,5 40

| 120 to 140 12,5 40

b 165 to 185 15 40

6|3 240 to 250 18 40

a  0r90 % of the maximum value recommended by the electrode manufacturer.

6.3 Measyring

6.3.1 Surface finishing

After weldinlg, the weld build-up of-nominally austenitic stainless steel weld metals (<30 FN)| shall
be prepared|smooth and flat, taking-care to avoid heavy cold working?) of the surface; this ain can
be achieved py draw filing withra-sharp clean 350 mm flat mill bastard file held on both sides pf the
weld and with the long axis of the file perpendicular to the long axis of the weld. Draw filing shall be
accomplishedl by smooth forward strokes along the length of the weld with a firm downward pregssure
being applied. The weld shall not be cross-filed.

After welding, the weld build-up of duplex ferritic-austenitic stainless steel weld metals (>30 FN] shall
be ground wlith stiecessively finer abrasives to a finish of 600 grit or finer. Care shall be taken during
grinding tovzlvoid excessive pressure that leads to burnishing or overheating of the surface.

The finished surface shall be smooth with all traces of weld ripple removed. The prepared surface shall
be continuous over the length to be measured and not less than 5 mm in width.

6.3.2 Individual measurements

A minimum of six ferrite readings shall be taken at different locations on the finished surface along
the longitudinal axis of the weld bead. Care shall be taken to isolate the weldment under test from
vibrations which can cause premature magnet detachment during measuring.

For weld metals of 20 FN or less, only a single reading need be taken at each location. For weld metals
above 20 FN, five readings shall be taken at any single location, and only the reading corresponding to

2) Cold working can produce martensite, which is also ferromagnetic and gives a false ferrite indication.

6 © ISO 2018 - All rights reserved
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the highest FN amongst those five readings shall be accepted as the FN for that location. A minimum of
six locations shall be so measured as to obtain the required values for averaging.

6.3.3

Reporting

The six or more accepted readings obtained shall be averaged to a single value for conversion to the
Ferrite Number reported for the weld metal under test.

7 Standard methods for test pads of other processes and for production welds

7.1

The s
other
to ing

For syibmerged arc weld metal, it can be necessary to increase both the testdpad width an

all tes
singlég
possi

7.2

The n
conte
depos
to dif]
cases
weld

It is n

mag
effect

Cauti
when
lead t
steel
parti

8 (

ferro
kept£c a distance of at least 18 mm-+{rom permanent magnets of the size and strength of

Standard method for test pads for other weld metals

tandard method for producing covered electrode test pads may be almost djxeotly
weld metals, e.g., flux cored arc weld deposits. In preparing such test pads, it'can
rease the pad length so that the area of ferrite measurements does notinclude the

t pads, the pad shall consist of a minimum of six layers, with at least the top layer c
bead. In general, preparation and measurement shall follow the inStructions of Claul
ble.

Production welds

nethod of depositing the weld test specimen has a eonsiderable influence on the reg
ht measurement. Consequently, the results of ferrite,content measurement obtained ¢
ited in a way differing from that specified in 6.1xand 6.2, or 7.1, and on production we
fer from the results obtained on specimens deposited in accordance with 6.1 and 6.2
however, ferrite content measurement shall’be made along the approximate centrel
bead.

ecessary to ensure that the measurefient is not disturbed by the incidental preseng
agnetic materials, such as mild steel or cast iron. During measurement, such mate

t. Other magnets and/or instruments can require larger or smaller distances to be
of nearby strongly ferromagnetic materials.

bn is necessary wherlmeasuring the ferrite in cladding deposited on ferromagnetic nj
measuring the ferrite in thin stainless steel welds (e.g. less than 5 mm thick). The f
o false high values, and the second can lead to false low values. The required minimn
veld thickneSs for correct ferrite measurement depends upon the depth of material s
ular instrument in use.

thermethods

applicable to
be necessary
weld crater.
d length. For
nsisting of a
se 6 as far as
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Ids are likely
,or 7.1.In all
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8.1

Methods

Methods for determining ferrite content other than through the evaluation of attractive force or
methods differing from that laid down in this document may be used, such as volumetric determination
by magnetic saturation, provided that they have been calibrated by secondary standards in which the
ferrite content has been determined by the method laid down in this document. Secondary standards
can be prepared using the method specified in 6.1 and 6.2, by assigning to them FN values by the
method specified in 6.3.

NOTE Secondary IIW standards, prepared in accordance with Annex A were previously produced by TWI
(The Welding Institute) in the United Kingdom. Secondary [IW standards, prepared in accordance with Annex B,
are available from the National Institute of Standards and Technology (NIST), Office of Reference Materials in the
USA (https://www.nist.gov/srm).
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The results obtained by methods other than the method laid down in this document, even if calibrated
in accordance with 8.1, can, under certain circumstances, differ from those obtained by the method laid
down in this document. Hence, in cases of dispute, the method laid down in this document shall be used.

Onagiven specimen, the average FN as determined by other methods and compared with measurements
obtained with the method laid down in this document, shall be within a tolerance band of #1 FN in the
FN range up to 10 FN and this can be proportionally higher as the FN increases beyond 10 FN.

8.2 Maintaining calibration

Instruments shall be checked periodically against secondary standards or primary standards. It is

therefore reg
be available.

maintain calibration. One standard shall be used for each of the ranges (see Table 4) for\whic

instrument
standard shd

9 Proced

stainless steel weld metal

Coating thic
measuring i

cross-reference of instruments¢n-the laboratory and under shop and field conditions. The first

secondary st
of SMAW mu|

UllllllUlldCd Lhdl. L}IE Ul gduiLdLiUll W}liLll uscs L}IE illbl,l UIIICTIU CTISUTI T L}ldl. d SCL Ufbl.dll
It is the responsibility of the user to see that the frequency of checking is adequ

s to be used. The average value of five measurements at individual positions o
1l be within the maximum deviations specified in Table 4.

Table 4 — Maximum allowable deviation in the periodic FN.check

Maximum deviation from
the FN value assigned to-the
standard

*0,5

£0,5

+0,6

+0,8
45 % of assigned FN
+8 % of assigned FN

FN range

0<FN<4

4<FN<10

10<FN<16
16 <FN <25
25<FN <50
50 <FN <110

ures used to prepare secondary standards for delta ferrite in austel
kness standards are not ‘suitable for use as primary standards with all types of f]
istruments. Therefore, '@ need exists for secondary standards for both calibratio

hndards was developed by Teledyne McKay in the late 1960s. These were based on a bt
ch like the pad{shown in 6.2. They were used to develop the FN system of measuring f]

lards
hte to
h the
n the

hitic

errite
n and
set of
1ildup
errite

as we know
produced an
in about 198
TWI (The We
of austenitic
An original rmar ' repared t
by VEW- Bohler Austrla and Ferrlte Numbers were a551gned to the blocks by TWIL When the orlglnal
100 sets had been distributed internationally, a new procedure for producing secondary standards was
developed (CNIITMASH, Russia) using centrifugal chill casting to produce large rings in which most of
the wall thickness contained a weld-metal-like microstructure. Blocks of dimensions approximately
10 mm x 12 mm x 20 mm were machined from the portion of the ring wall containing the weld-metal-
like microstructure. This new procedure was shown, by round robin testing in [IW Commission II,
to produce materials suitable for secondary standards over the whole range from near 0 FN to over
100 FN. FN measurements and assignment of the certified FN for each block were carried out at TWI
or NIST. The procedures used to prepare the last two types of secondary standards are described in
Annexes A and B.

it today, replacing the % ferrite system previously used. Teledyne McKay subsequently
1 sold sets\of these secondary standards, but ceased doing so in the late 1970s. Therefore,
), the International Institute of Welding (IIW) requested some organizations, in partjcular
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Annex A
(informative)

Manufacture of secondary standards by strip cladding

Materials

The base metal on which the nominally austenitic weld metal was deposited was,unalloygd steel type
B1 (s¢e ISO 4954) in the form of bars with dimensions 100 mm x 100 mm x 800 mm. The surfaces to be

clad were cleaned by free-hand grinding.

A.1.2

The s
used
Weldji
with
varyi

A2

The ¥
illust
had a

The b
side d

0ppos

This procedure was continued with two pass sequences until the last bead.

Welding consumables

b0 that it was possible to obtain eight FN levels in the range 3)FN to 27 FN in undilute
ng strips consisting of unstabilized, extra-low-carbon austenitic stainless Cr-Ni ste
h cross-sectional area of 60 mm x 0,5 mm. The weldingfluxes were agglomerated a
hg metal powder additions. Before use, the fluxes were rebaked at 300 °C for 1 h.

Welding procedures

veld metal in each case consisted of .a_seven-layer strip clad deposit on the base

drooping characteristic. Welding par¥ameters used are given in Table A.1.

ead deposition sequence is shown in Figure A.2. To minimize the distortion of the ba

ite side.

Table A.1 — Welding parameters

ubmerged arc strip cladding process was used. Suitable combinations of strips and fluxes were

] weld metal.
b] were used,
hd contained

material, as

rated in Figure A.1. After each layer,the welding direction was changed. The powei| supply used

se metal, one

f the bar was first clad with:three layers. After turning the bar, three layers were welded on the

Current 650 A

Voltage 29V

Travel speed 100 mm/min

Stick out 25 mm

Polarity of the strip D.C. electrode positive
Preheating none

Interpass temperature 200 °C maximum
Cooling after welding the lastlayer |still air
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21
25

Dimensions in millimetres

2 \E:
it i

62
60

800

T

n“u

o 100

weld dep
strip cong
base met3
passes 1,
passes 2,

Figure A.1 — Method of depositingiwéld metal for secondary standard by strip cladding

hsit, 7 layers
umable

1
B, 5, 7 on each side
4, 6 on each side

7 (77/,
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Dimensions in millimetres
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l?l_____ g = __—'_171
0 AN
3
[ P 7 < W I ——
T TN
X2
1 I
6 6
Key
weld deposit
s¢condary standard
bpse metal
FiIgure A.2 — Bead deposition and machining sequences for secondary standardsg by strip

cladding

A.3 Machining and marking

A.3.1 Cutting programme

Initially, the end section was cut off, corresponding to lines '1' — '1" in Figure A.3. Chips for the chemical
analysis of the seventh layer were taken at the locations marked by 'a" in Figure A.3. Cutting of the other
end section followed along lines '2" — '2".

The rest of the bar was divided along lines '3' — '3’, and the deposits separated from the base metal
along lines '4' — '4'. See Figure A.3.
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The rough preparation of the test surfaces followed, along lines '5' — '5' (see X in Figure A.2).

Subsequently, lateral machining along lines '6' —'6' and machining of the bottom surface along lines '7'
— '7" was performed (see Figure A.2).

The division of the rough machined weld bars, following the lines '8' — '8', is shown in Figures A.3 and
A.4. Subsequently, the single specimens were finished. Thirty specimens could be produced from each

bar clad on both sides.

Dimensions in millimetres

130 270 300 100 T ‘|'=
_ 1]
{l > 55 5 R NN e A
/v vt v T LT
ok vk o — —
:T'_S 5 S A TR S I
%‘1' =‘3‘ =‘2‘ ! !
a iy
%‘1, H,B, ='2'
{3 T———% T
6' 6'—— - ——'6 6 — - —

Key

a  Chips for chemical analysis taken at theseypoints.

Figure A.3 — Cutting sequences for secondary standard by strip cladding
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Key
1 tgstsurfaces

2 njarking regions

Figure A.4 — Extraction of individual strip cladding secondary standard

i

A.3.2 Dimensions, tolerances, surface finish

The dimensions and tolerances of ‘the finished "ferrite secondary standards" are shown ip Figure A.5.
The test surface was ground 'with an 8A-80-G-9-V39 grinding disc (see ISO 525). All the other surfaces
were rough finished.

Dimensions|in millimetres

15 0,5

o 30 0,5

Key
1 testsurface
2 marking region

Figure A.5 — Marking of each strip cladding ferrite secondary standard
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A.3.3 Marking for standard identification

The marking of the standards took place on a side face as shown in Figures A.4 and A.5. The marks
produced with figure stamps were arranged so that the distance from the test surface was as great as
possible.

The reading direction of the marking indicates the welding direction in the seventh layer. The
designation of the standards consists of letters and numbers. The letters (A to H) indicate increasing
FN values, with the number following indicating the set number.

A.4 Chemical composition

An example pf the full chemical analysis of the seventh layer of the deposit (for all the stanidands) is
shown in Tahle A.2.

Table A}2 — Example of the chemical composition of seventh layer of strip.¢lad deposits
Seventh Element
layer of o
deposited % (by mass)
metal C Si Mn P S Cr Mo Ni Nb
A1l - A15 0,020 1,00 0,78 0,021 0,019 19,62 0,13 11,79 <(,05

A.5 Markjing for FN measuring point location

The standargls were received at TWI in the conditions des¢ribed in A.3. FN measurements were|to be
made at five[locations on each standard. The individual @amples were thus marked by scribing ¢n the
sides as indifated in Figure A.6. The intersections of the imaginary lines joining these marks de¢fined
four measur|ng points. The fifth measuring point was in the centre of the measuring face. The points
were identified by i to v as shown in Figure A.6, butthese characters were not marked on the blockjitself.
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Dimensions in millimetres

/031\ /
/N

5 L 3
Key
1 ppints identified by intersection of imaginary lines
2 céntral point
3 sgribed lines
4  standard set number
5 individual standard

Figyre A.6 — Marking on each strip cladding secondary standard sample and identjification of
the five measuring points

A.6 |FN measuring instruments and calibration

A.6.1 General

The ipstruments and procedures used were in conformity with the requirements of thjs document.
Before commencingproduction and measurement of sets of FN standards for general issue] TWI carried
out tifials on a prdfatype set of standards. These demonstrated that FN values ascribed [to standards
by TWI were consistent with results obtained by other organizations, and also that the sfrip cladding
sampl|es could.be used for a range of commercial ferrite measuring instruments.

A.6.2 Anstruments used

Two "Magne-gages", manufactured by the American Instrument Company (USA), were used to make
measurements on each set of standards. To ensure that the differences between the two instruments
were within acceptable limits, at the commencement of the programme both "Magne-gages", after
calibration as described in A.6.4, were used to make measurements on all samples comprising one
complete set of standards. The two sets of data were well within the range of variation in measurements
expected for 95 % of "Magne-gages".

A.6.3 Magnet strength checks

Before the commencement of measurements, the magnets associated with each of the "Magne-gages"
were checked to ensure they corresponded to the requirements of this document. This was done by using
a laboratory balance to measure tear-off forces from a set of eight USA National Institute of Standards
and Technology (NIST, formerly National Bureau of Standards or NBS) coating thickness standards. The
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standards employed (see Table A.3) were the seven supplied with each individual instrument, together
with an eighth one (SRM 1312, nominal thickness 0,2 mm) acquired directly from NIST.

After measurements on every 10 sets of secondary standards, the magnet strengths for each instrument
were rechecked to ensure that they still conformed to the requirements.

Magnets were cleaned in accordance with the manufacturer's instructions before each calibration.

Table A.3 — NIST standards employed for "Magne-gage" calibration for strip cladding

A.6.4 Ferr

The Ferrite ]
was derived
thickness sta
completely n|

Both "Magnsg
straight line
this level. Th
subsequent 1

The maximu
in AWS A4.2.

A calibration

at the st

after the

secondary standards
NIST SRM No Nominal coating thickness
mm
1312 0,2
1313 0,25
1314 0,38
1315 0,5
1316 0,64
1317 0,76
1318 1,0%
1319 1,52

ite Number calibration

Number (FN) versus the white dial reading calibration for each "Magne-gage" instrt
in accordance with the procedure laid down in this document. The eight NIST ¢
ndards used were those shown in Table A:8 and a zero point was also determined u
on-magnetic material.

-gages" displayed a bend in the“galibration at about 13 FN, and thus separate b
5 (least-squares method) were ‘"drawn through the calibration points above and

e equations of these lines were used to derive FN values from white dial readings d
heasurement work on the(secondary standards.

I tolerances on the positions of individual calibration points were taken as those spe
In fact, much bettértolerances were achieved in all cases.

was carried guton each "Magne-gage™
rt of eachnday's work; and

measurement of 4 sets of secondary standards.

iment
ating
sing a

est-fit
below
uring

cified

A.7 Measuring procedure on secondary standards

A.7.1 Instruments and operators

Four complete sets of readings were taken on each set of eight ferrite secondary standards, by two
operators each using both "Magne-gages". Although only two operators were employed on any given set
of secondary standards, several operators were employed during the entire measurement programme.

A.7.2 Demagnetization

No attempt was made to demagnetize the standards, as the "Magne-gage" has been reported to be
insensitive to pre-magnetization.

16
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Measurements on each ferrite standard

On each individual ferrite standard, three readings were taken at each of the five measurement points,
for each operator and "Magne-gage". Non-magnetic jigs were fitted over the standards to aid rapid
and accurate location of the measurement points, these consisting of recessed blocks of plastic with
suitably sized and positioned holes. The standard was not repositioned between the three individual
measurements on any one point.

Each standard thus had a total of 60 "Magne-gage" white dial readings taken from it, twelve for each
individual measurement session.

Readi

ngs by each operator and "Magne-gage" were completed within one measurement session.

A.7.4

Data
numb

Each
prodtu
stand|

A.7.5

The p|
exam

In ad
meas

Each

prepdration of the set.

Tabl

Data recording and analysis

er, FN calibration reference, date and operator's name.

Set of three white dial readings per individual measurement point was averaged ang
ced from the appropriate calibration equation for each pointsAn average FN v{
ard was produced from the FN values for the five measurement-points.

Presentation of results

resentation of the results on the card to accompany each set of standards was as illus
ple in Table A.4.

lition, a label adjacent to each standard in the box showed the overall average FN
irements on that standard. All values were quoted to 0,1 FN.

boxed set of eight standards was als@)provided with a short booklet, briefly dg

e A.4 — Example of the tabularpresentation of results on the card accompanyi
of standards (Secondary weld metal standards, Set 68 - May 1980)

'rom the readings by one "Magne-gage" operator were recorded together with the "Magne-gage"

an FN value
lue for each

trated in the

value for all

scribing the

ng each box

"Magne-gage" 1 "Magne-gage" 2
Operator No. 1 |Operator No. 2 |Operator No. 1 |Operator No. 2| Mejan
Stanflard | Measurement FN for FN
b . FN Mean | FN Mean | FN | Mean FN Mean h overall
numper | point each | FNall | each | FNall | each | FNall | each | FNall | €3f average
point | five |point| five |point| five |point| five |P°] nt
points points points points
1 2,8 2,8 2,7 2,6 20
2 2,5 2,8 2,6 2,5 25
A¢8 3 2,8 2,7 2,8 2,7 2,6 2,6 2,6 2,6 2[7 2,7
4 2,7 2,6 2,5 2,5 2,6
5 2,8 2,7 2,6 2,6 2,7
1 4,6 4,6 4,5 4,6 4,6
2 4,6 4,6 4,5 4,4 4,5
B68 3 4,8 4,7 4,8 4,7 4,5 4,5 4,6 4,6 4,7 4,6
4 4,8 4,8 4,5 4,6 4,7
5 4,6 4,6 4,4 4,6 4,5
© ISO 2018 - All rights reserved 17


https://standardsiso.com/api/?name=67709f33fadd1374010071b46821649f

ISO 8249:2018(E)

Table A.4 (continued)
"Magne-gage" 1 "Magne-gage" 2
Operator No. 1|Operator No. 2 |Operator No. 1|Operator No. 2| Mean
Standard | Measurement FN for FN
. FN Mean FN Mean | FN | Mean FN Mean h overall
number | point each | FNall | each | FNall | each | FNall | each | FNall | €3¢ average
point | five | point| five | point| five | point| five point
points points points points
1 8,9 8,8 8,8 8,7 8,8
2 8,9 8,9 8,7 8,6 8,8
C68 3 89 89 38 89 36 87 85 86 37 3,8
4 9,2 91 8,8 8,8 8,9
5 8,9 8,9 8,6 8,6 8,7
1 11,0 11,0 10,6 10,8 10,9
2 10,8 10,9 10,5 10,8 10,7
D68 3 11,1 11,0 11,2 11,1 10,4 10,5 10,8 10,7 10,9 10,8
4 10,8 10,8 10,3 10,4 10,6
5 11,3 11,6 10,7 10,9 11,1
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Annex B
(informative)

Manufacture of secondary standards by centrifugal chill casting

B.1 Materials

As a Fesult of tests carried out by the Russian delegation to I[IW Commission II, it wa
centrifugally chill cast rings with a diameter of approximately 500 mm and.wall

apprdximately 20 mm, of nominally austenitic and duplex ferritic-austenitic chromium-
exhibjted a weld-metal-like microstructure through most of the wall thickness:In roun
amonL nine laboratories in six countries, it was established that the homogeneity of
machjned from rings of ferrite contents from near 0 FN to about 100 FN was excellent oy
rangg of interest. Such blocks could thus serve as secondary standards for calibratio
instrgments. Due to the homogeneity of the blocks, they could be suitable, in particular, fq
instrgiments utilising magnetic saturation methods for determining a’'volumetric percents
thus, fin principle, it would be possible to establish a relationship,between FN and volum
ferritp (FP) over a specific alloy range. Also, due to the homogene€ity of the centrifugally c3
prepdration of samples having rectangular or cylindrical fexm and suitable to be certifie
and FP (the latter by utilising the magnetic saturation method) is possible. Such samples n
used for calibrating volumetric and local devices.

s found that
thickness of
hickel steels,
i robin tests
small blocks
er the whole
n of various
r calibrating
ge of ferrite:
ptric percent
st metal, the
d in both FN
hight then be

blocks were
S, measuring
5. Figure B.3
the averaged
sults and the
assign both
by magnetic

testing, [IW
eight blocks

| distributed
» provided to
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Dimensions in millimetres

= 20

500

Figure B.1'— Centrifugally chill cast ring for secondary standards
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Dimensions
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€
a) Measurement positions b) FaceSs

Figure B.2 — Dimensions and FN measurement positions on six faces of blocks mac
centrifugally chill cast rings

hined from
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