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”,'- Mild steel
=

=

-~ Copper foil

e
-

0

VWater cooling jacket (if necessary)

NOTE 1 mm copper inserts (not shown) for SA are 300 mm * X mm

Figure 1 — Example of a suitable welding fixture and test piece assembly for weld deposits
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TS E N AZ SN T°0.18%, SRS AN = T-0.02% 1) AERL0 1 A5 AN il il o RS
BNV AR B RS, BRg IR S L B BLAN, HABA VB CIt H Kol 2= AN + 0.25 mm.

F 3
L

Dimensions in millimetres

Test assembly la=lb Ic e t
Ad Min. 25 (50) a0 25 12
B Min 25 (50) 30 15 10
C Min 50 15 30 10
a'b Run-on / Run-off test piece.

C Centre test piece.

Ia = b= =25 mm: MMAW

la = [b = =50 mm: other welding processes

&  comparable to the specimen geometry according to AWS A4.3-93 [5]

Figure 2 — Dimensions of the weld test assembly
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Investigating laboratory: Date:

Investigator's name:

Brand name & electrode maker: Batch No.:
Type of electrode: Electrode designation:
Diameter of electrode (mm): Owverall length of electrode (mm):

Drying treatment: ..._*C for _...h

Electrode polarity (d.c. +ve d.c.-ve ora.c.):

Relative humidity .....(%) and temperature .....(°C) at the welding station during welding
Hydrogen extraction temperature: N

Hydrogen extraction time: .....min

Type of test piece assembly (A orB): ...

Number of test piece:

Voltage, V;a.c.ord.c.:

Current, A: type of meter:

Welding time, s:

Weld length, mm:

Heat input, kJ/mm:

Electrode length used, mm:

Run-on length, mm:

Mass of deposited metal on test piece, g:

Test piece to crater distance, mm:

Diffusible hydrogen 1 2 3 Average

(a) Hp, ml/100 g of deposited metal:

(b) He, ppm of fused metal:

Other test details not included above:
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Key

1 1 mm copper foil, 35 mm or 37 mm = 300 mm (for flux depth of 25 mm)
2 Test piece assembly

3 Welding fixture

Figure 4 — Use of copper foil to maintain constant flux depth
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3.2.4.3 JREAREHIE

Investigating laboratary: Date:
Investigator's name:

Electrode diameter, mm: Electrode designation:
Flux designation:

Brand name & electrode maker: Batch Mo.:
Brand name & flux maker:: Batch Mo.:
Fluz drying temperature and time: __...°C for ._._.h

Electrode polarity {d.c. +ve, d.c. -ve ora.c.):

Relative humidity .._..(%) and temperature _.__{"C) at the welding station during welding
Hydrogen extraction temperature: G

Hydrogen collection/extraction time: d Lh

Type of test piece assembly (A or C). ...

Mumber of test piece:
Voltage, V' a.c.ord.c.:
Current, &: type of meter:
Welding time, a:

Weld length, mm:
Welding speed, mmy/s:
Heat input, kJimm:

Wire feed spead, mm/s:
Elecirode extensicn, mm:
Run-on length, mm:
Mass of deposited metal on test pisce, g:

Test piece to crater distance, mm:

Diffusible hydrogen 1 2 3 Average

{a) Hg, mlf100 g of deposited meatal:

() He, ppm of fused metal:

Other test defails not included above:
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o AN 5 S AT AT e L (A T md i DBt DN AE AN R B 305, DARA R R 4 Az
o SIR RIS TH A S EER F25mm . SRS AN I B A AR A (1A AN e e )
BRI o A 2H AR A T e AR

D BT = AP TR, RE AEE BRAL O SRR R A R R R
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B AL U S S A B e o e R A A AU A e S . FELSICHE K R 4 ST 20 A i e 2
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Investigating laboratory: Date:

Investigator's name:

Type of filler material: Shielding gas: Drying treatment:
Filler material designation: Gas cup i.d., mm:
Brand name & electrode maker: Batch Mo.: Diameter of filler material,
mim: Shielding gas flow, ['min:
Elecitrode polarity {d.c. +ve, d.c. -ve or a.c.): Detailz of tungsten electrode, if any (*C):
Relative humidity ._...{%) and temperature .._._("C) Make:
at the welding station during welding Diameter, mm:
Hydrogen extraction temperature: ... C Cone angle:
Hydrogen collectionfextraction time: .d . h  Designation:

Type of test piece aszembly (A or BY):

Mumber of test piece: 1 2 3

Vaoltage, V; a.c. ord.c.:

Current, A- type of meter:

Welding time, s:

Weld length, mm:

Welding speed, mmis:

Heat input, kJ/mm:

Wire feed speed, mm/s:

Electirode extension, mm:

Mass of deposited metal on test pisce, g:

Test piece to crater distance, mm:

Diffusitle hydrogen 1 2 3 Average

(a2) HD, mif100 g of deposited metal:
() HF, ppm of fuzed metal:

Other test details not included above:

Figure & — Report form (diffusible hydrogen, MIG, MAG, TIG or cored electrode)
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Dimensions in millimetres

c)  Owerall view of ™" tube

Hey MOTE Mot to scale

1 28032 socket

2 28/32 cone * t5 air; © Ta vacuumm;

3 Arm bent up 45° [see b)) ® Inside diameter {40 rnm)

4 Seal (flat inside) ? Straight portion befors bend
R

Precision bore tube

Figure 7 — Diffugible hydrogen collecting apparatus, "Y' tube
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. 273 (Y

HT(273+T) 760

where

T = temperature (C) of measured hydrogen volume

F = pregsure {(mm Hg) of measured hydrogen volume

V= measurad vaolume of hydrogen (ml)

Ve = volume of hydrogen gas at Standard Temperature and Pressure (ml)

The test piece shall be removed from the container and weighed to the nearest 0.1 g for assembly A center
pieces or to the nearest 0.01 g for assembly B or C center test pieces (m:).

Table 1 — Minimum heolding time at a given temperature for complete hydrogen evolution

Minimum Extraction Time Temperature

h oC 300
0.35 400
0.4 390
0.5 360

1 285

2 225

3 195

4 175

5 160

6 150

8 140

10 125

1z 120

14 115

15 110

18 100

36 70

64 50

T2 45

punu}

s — IR K 400 °C, W e BLE L2 T B 252 T A ¥ AN E « SR B
400 °C B r] 2 SEUEIRAEL .
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T = temperature (C) of measured hydrogen volume

F = pressure (mm Hg) of measured hydrogen velumes

V= measured volume of hydrogen (ml)

Vi = volume of hydrogen gas at Standard Temperature and Pressure (ml)

The test piece shall be removed from the container and weighed to the nearest 0.1 g for assembly A center
pieces or to the nearest 0.01 g for assembly B or C center test pieces {m.).

Table 1 — Minimum holding time at a given temperature for complete hydrogen evolution

Minimum Extraction Time Temperature

h o -3 00
0.35 400
0.4 390
5 360
1 285
2 225
3 195
4 175
5 160
6 150
8 140
10 125
12 120
14 115
15 110
18 100
36 70
g4 50
T2 45




3.3.3 ®HE

The calibration must be carried out by supplying a known hydrogen volume to the carrier gas hot extraction
system over the working area of interest. The analysis instruments should preferably incorporate different
closed gas calibration units with different volumes. The apparatus shall be assembled and operated following
the instructions of the manufacturer. Depending on the analysis instrument, a sufficiently long gas flow time
must be assured for stabilization. During normal instrument use, any existing calibration shall be checked by
gas dosing before analysis is attempted. The instrument preparation procedure shall also be adhered to.
Checks shall be made at hourly intervals during a series of analyses in order to ensure that no drift has
occurred in the instrument calibration. The detector shall be calibrated over the appropriate range of hydrogen.

3.3.4 &t

The linearity of response of the instrument may be judged by using linear regression analysis to fit the
calibration data and then calculating the correlation R. Values of R close to unity indicate a high degree of
correlation.

The range of hydrogen contents to be measured will range from 0.05 ml to over 1 ml at STP.

Hydrogen injection shall cover this range in order to confirm linearity of response, but tests with weld
specimens shall be carried out to confirm that the hydrogen evolution characteristics of the sample are
followed by the instrument in a linear fashion.

3.3.5 #ERHE:

If a reference material is available for diffusible hydrogen determination, resort shall be made to it. Accuracy
can be determined by statistical comparison of preferably identical weld metal specimens. The specimens are
arbitrarily divided into two groups. The first group is analysed by the alternative method whilst the second
group is analysed by one of the two the primary methods above. The accuracy of the alternative method shall
be determined at several levels of hydrogen content. These shall include the 1 ml, 5 ml, 10 ml and 15 ml per
100 g deposited weld metal hydrogen levels. A further check at the 25 ml level should be done in order to
cover the analysis of non-hydrogen controlled consumables. The accuracy of the alternative method is then
judged by assessing the statistical significance of the difference in means of the two sets of results. If the
probability of the difference not due to chance is greater than 95 %, then the difference in means is probably
significant. The most common statistic to use when comparing means is the ¢ value defined as:

Difference of means

~ Standard of difference

The following equation may be used to calculate ¢

i (Xg — Xp)
o2 2
ISR sp
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where x_, s, and n, are respectively the mean, standard deviation and number of test pieces for the alternative
method and x_, Sp and n, are respectively the mean, standard deviation and number of test pieces for the
primary method.

The ¢ value so obtained is applied to tables of statistics where, for the number of degrees of freedom involved
(nP+ nR — 2), the probability of this value having arisen by chance will be given. If the difference in means is
judged to have arisen by chance, then the two methods may be assumed to give identical results.

3.3.6 EEM

A series of repeat welds, analysed as indicated for the test on accuracy, will also provide information on the

reproducibility.
5= Jsg + s&,

Reproducibility is the consistency of replicate tests and is expressed by the standard deviation s. A
reproducibility index, 2s, may be defined and in statistical terms 95 % of results would lie within a band x + 2s
where x is the mean value. A decrease in the numerical value of s implies an increase in reproducibility.

Reproducibility of a method is best determined using a planned trial in which analysts from several
laboratories are involved in order to characterize the within-operator and between-operator components of the
standard deviation given by the following equation:

s is the between-operator standard deviation;
b
s,is the within-operator standard deviation.

The standard deviation of nine results of each of the control levels mentioned under 4.3.5 gives values of s,
for both the alternative and primary methods.

Xt R AR FERE AT 0 A ol G i 2 R e v, RN n] UG H SR 45
Bo HEMERE EE IR AN A8 br LA b i 2287 o

3.3.7 FH

X AT INE , DA e M5 A v RO PR R A [ — il 5 532 R B e 5
HEAT AR AR IEH A o I R 52 H 0 2 3R 71 PR A5G M ISV o) 4 AT 45 SR 110 YA R o
HYEAE . thln, gl ZFE R 5E 45 R J20.01mISTP FH AR £ 100g)4 )2 H10.25m1H2,
BN Rl R HL R0, 1 1 ppm

3.3.8 it E ML R KX

3381 EERBRTHT #HEA

THSEARE 100g J7 2 HARMEIRZS T H2 (ARBIRT LLU R 3, A2 ml/100g 457)2 & )8 -
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BEAT 5

Average area of deposited metal
H, = H, x09x228 D
' Average area of fused metal

in parts per million by mass.

3.3.9 &5 Rk

P 55 il e 45 AT RNl , B0 20 s AE B BB 20 Al &b o X 13X — [l B
e, = U BT SR P A 2 /D N A R B SN R UR — Az

Method of diffusible hydrogen analysis:

Hydrogen collection temperature: C
Hydrogen collection time: d h
Baromefric pressure (recorded during measurement) () mm Hg
Foom temperature (recorded during measurement) (I): C
Radius of capillary (Collection over mercury ). mim

Mumber of fest piece:

Mass of centre test pisce (m ), o

Mass of centre test pisce plus weld (m:]. [+

Mass of deposited metal (m_- m1}: a:

Average area of deposited metal, mm::

Average area of fuzed metal, mm

Length of hydrogen gas column (), mm:

Head of mercury in capillary (H), mm:

Figure 8 — Analysis data sheet
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