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Noise Level Assessment and
Mechanical Properties of Welded
Joints of Aluminium Alloys of the Al-
Cu-Li System in FSW and TIG Welding

This research paper presents hardness, structure and tensile strength
analysis of 1460 alloy of Al-Cu-Li system, welded joints made by Tungsten
Inert Gas (TIG) welding and Friction Stir Welding (FSW). Characteristics
of acoustic noise at the welding operator workplace during mechanized
TIG and FSW of aluminium-lithium alloy with the purpose to develop
recommendations for the improvement of health and safety during welding
processes were studied. Analyzing results, we concluded that during TIG
welding the values of welding noise at the workplace, are much higher
than the admissible noise level limit. Results showed that the values of the
welding nose reach 95 dB. The noise level at the workplace for FSW is
also dangerous and reaches up a value of 84.3 dB. Also, this paper
presents hardness, structure, and tensile strength measurements of 1460
alloy welded joints made by TIG and FSW welding.
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1. INTRODUCTION

Health and safety characteristics are one of the most
important among the quality characteristics of welding
technology. Unsatisfactory labor conditions during some
welding technologies are closely related to the fact that
the possibilities of lowering the level of harmful factors
in the working zone using technological measures.

The objective of our research is to study the regu-
larities of the formation of harmful factor as acoustic
radiation during mechanized TIG and at FSW welding
of aluminum alloy 1460 of Al-Cu-Li type. We provided
a recommendation for the improvement of health and
safety at the welding operator workplace.

Research of health and safety norms of noise at the
workplace was conducted in the laboratory on the plates of
2 mm thickness of high-strength aluminum-lithium alloy
1460 (w/%: Cu-3% Li-2% Mg-1% Ti-0.12% Sc-0.08%)).

Before welding, chemical etching of the sheets was
conducted by the generally accepted technology. After
that, mechanical scraping of just the end face of the edges
to be welded was performed for FSW, and for TIG also
surface layers 0.10 — 0.15 mm thick were additionally
scraped to avoid porosity in the welded joints.

The ultimate strength of TIG welded joints was
determined at static tensile testing on servohydraulic
complex MTS 318.25 of standard samples with a
15 mm width of the working part as-welded with
removed back bead of the weld and without reinfor-
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cement. Fracture of the first samples ran in the zone of
fusion of the weld with the base material, and that of the
second samples — in the weld metal. Samples obtained
by FSW were tested without weld reinforcement and
back bead, as such geometry of the joints is due to the
features of their formation process. Such samples frac-
ture along the boundary of the ThermoMechanical
Affected Zone (TMAZ) and Heat-Affected Zone (HAZ)
from the retreating side of the joint.

When producing butt joints in the down hand po-
sition on the horizontal plane, the welding point moved
away from the radiation sensor and then moved closer
to it. Investigations were conducted indoors without
exhaust ventilation, distance from the floor to plate top
was equal to 100 cm; the air temperature was ~15 °C at
moderate relative humidity.

2. PROCEDURE OF NOISE LEVEL MEASUREMENT

Noise characteristics were measured using Precision
Integrating Sound Level Meter, Type 2230 (Briiel &
Kjer Company) of the first class of accuracy. Its
functional and technical characteristics meet the require-
ments of Interstate Standard IEC 616 72-1:2002 [1].
The instrument allows determination of equivalent noise
level L,,, as well as maximum L, and minimum L,
level of sound with the accuracy of up to 1 dB.
Assessment of noise at the workplace was performed
in keeping with the requirements of DSN 3.3.6.037-99
[2]. An additional noise source when taking the measu-
rements, was accessory equipment, namely welding rec-
tifier, power source, etc. As background noise, gene-
rated by accessory equipment, was also present in the
measured noise alongside the studied welding noise,
measurements of background noise characteristics, con-
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Table 1. TIG modes and noise parameters at the welder workplace during welding of 1460 alloy of 2 mm thickness

Welding Welding Filler wire | Tungsten electrode | Diameter of
. Argon amount, L, Lymax Lpmin
current, speed, feed rate, diameter, torch nozzle, 0, (I/ min) ( d];) ( élB) ( SB)
1(A) v (m/h) vy (m/h) d (mm) d, (mm) Ar
140 20 82 3 15 18 94.7 97.8 90.9

sidered as diffusion acoustic field, were conducted sepa-
rately, in order to assess its contribution. The noise sen-
sor was located at 0.5 m distance along the vertical to
weld middle.

2.1 Noise at TIG welding of aluminium-lithium alloy
1460

Mechanized TIG welding of butt joints was performed
using ASTV-2m welding head powered by MW-450
(Fronius®, Austria) power source at an alternating
current of 200 Hz frequency with a square waveform.
Plates of 400 mm length and 200 widths were placed so
that the weld was oriented along their rolling direction.
Batch-produced welding wire Sv1201 (w/%: Cu - 6%
Ti-0.1% Mn - 0.3% Zr- 0.2%) of 1.6 mm diameter was
used as filler material. The size of the arc gap was 3-
4 mm. High purity argon was used as an inert gas.
Welding was performed with batch-produced non-
consumable electrodes of EVL grade, the composition
of which includes lanthanum oxide. The use of plate of
different thickness allowed evaluation of the effect of
welding current on the noise level at the welding ope-
rator workplace. Welding parameters and noise measu-
res for TIG welding of alloy 1460 are given in Table 1.

As the sound level fluctuation range during measu-
rement exceeds 5 dB, the noise is not constant [2]. In
order to determine the effect of inconstant noise on the
working staff, two measured values are sufficient: equi-
valent sound level L., and maximum sound level L.
The level of inconstant noise at the welder’s workplace
is assumed to be the maximum permissible level (MPL)
of the noise is equal to L,,~80 dB. In keeping with the
results of measurements at the welder’s workplace
(Table 1), the noise level exceeds MPL.

The magnitude of noise generated directly by the
welding arc (welding noise) L,. Measured noise L.,
consists of two parts: welding noise L,, generated by the
welding arc, and background noise L, generated by
accessories operation. The welding noise level L, is
defined by using the principle of energy additivity of
noise flows in the measurement point [3]:

Ly =L t10-log(10Eness = Lot 101y, (1)

If Lyeas - Lpaer > 10 dB, then L,, = L,,.,,. In this case,
the background noise contribution can be neglected, and
we can justifiably interpret the measured noise as the
welding one. Note that if L,,..s - Lpeer = 10 dB, then the
error of the determination of equivalent level of welding
noise is equal to ~0.5dB and is in the range of
instrumental measurement error.

The level of background noise that is generated by
accessory equipment when there is no welding perfor-
med is: L,;=62.7 dB, L,,,=68.3 dB and L,,;,=60.4 dB.
Collected data show that L,..c - Lpwer > 32 dB and,
therefore, it can be assumed that the magnitude of wel-
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ding noise in the deposition of alloy 1460, is equal to
that of measured noise.

2.2 Noise at FSW welding of aluminium-lithium alloy
1460

FSW process was performed in the PWI developed
laboratory unit, which allows making butt joints of she-
ets of high-strength aluminum alloys up to 2.5 mm
thick. During this process, the tool rotation speed is
1420 rpm, and the speed of its linear displacement
(welding speed) is adjustable within 8-38 m/h.

FSW process (2 mm thick), the tool rotation speed is
1420 rpm, and the welding speed is 14 m/h, at which
optimum conditions for their formation are provided [4].
The special welding tool was used with a shoulder dia-
meter of 12 mm and the conical-shaped tip of 3.4 mm
diameter at the base [5].

Level of background noise generated by accessory
equipment, when welding is not performed is: L.,,=53.7
dB, L,u.,~=75.3 dB and L,,;=41.0 dB. Parameters of
noise generated at FSW are given in Table 2.

Table 2. Noise parameters at FSW process of alloy 1460

Noise, L,eqs
No of
measurements Leg (dB) Lpmar (dB) | Lymin (dB)

1. 82.7 94.0 81.1
2. 83.1 90.6 80.9
3. 83.4 100.3 81.6
4. 83.5 84.6 81.3
5. 83.5 87.4 81.4
6. 83.4 85.2 81.4
7. 83.6 90.5 82.1
8. 83.5 84.6 82.1

From the data, it follows that L,,..s - Lpeck ~ 30 dB.
Thus, it can be assumed that the magnitude of welding
noise at FSW of alloy 1460 is equal to the magnitude of
measured noise. The level of welding noise at the
workplace at FSW of alloy 1460 is only slightly higher
than MPL, but it is still dangerous.

Following the algorithm for measurement error
calculation [6], we will find that the actual magnitude of
noise level at the workplace is in the range of 83.3+1 dB,
measurement error is determined solely by instrumental
error, and the technological process proper is stable.

The level of noise generated at tool rotation (no
movement) is: L,=79.2 dB, L,..,=81.1 dB and
L,,»=78.0 dB. The level of noise generated at tool
movement (no rotation) at speeds in the range of 14-
32 m/h is given in Table 3.

Quadratic dependence of the noise level on movement
speed value is given in Fig. 1. The square of the value of
linear correlation (R* = 0.998) points to a very high
probability of the derived dependence [6]. at an increase
of movement speed close to 130%, the noise level
increased only by 21 %.
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Table 3. Parameters of noise from the table L,,,,, that
moves without tool rotation

Vmov (m/h) Leq (dB) Lwax (dB) anin (dB)

14 78.4 82.1 77.3

20 82.1 83.2 70.8

26 84.1 85.6 76.3

32 85.4 87.8 75.8
L, [dB]
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Figure 1. Dependence of noise level L., on table movement
speed without tool rotation

We needed to determine the movement speed, at
which the level of welding noise will be lower than the
limit value of 80 dB. From (1), it follows that the level of
noise from table movement should be less than 73 dB.

Considerable lowering of the value of the process
parameter is hardly justified for technical reasons,
without the risk of deterioration of welding quality. The
application of individual means for noise protection by
the welder would be more acceptable.

3. MECHANICAL PROPERTIES AND DISCUSSION

In welding TIG and FSW, lowering the noise level at the
workplace can be realized through “protection by the time”
[2], as one of the organizational measures of collective
noise protection. It should be noted that MPL = 80 dB was
specified for the class of constant noises, during 8 hours
work shift. Now, if the noise level is higher than MPL, safe
operating conditions are preserved at the respective shor-
tening of the time of staying in such a noise situation.
Nowadays, there are existing methods and algorithms for
operative control of aircraft noise [7]. At each increase of
the noise level by 3 dB, safe operating time should be

reduced two times [2]. Therefore, for instance, at a sound
level of 98 dB, continuous operation time should not ex-
ceed 7.5 min, which is hardly admissible from the view-
point of the cost-effectiveness of the technology. There-
fore, individual means of working staff noise protection
should be used, alongside shortening of welding operator
working time, namely: anti-noise earplugs or headphones,
which allow reducing the sound load to safe values.

At this point in research and development of the
industry, one of the main issues is obtaining quality
welded joints of both steel and aluminum alloys. And at
the same time work in a dangerous atmosphere
corrosion environment with high resistance to cyclic
loading is needed [8-11]. The analysis of fatigue crack
propagation in a structure under cyclic loading alumi-
nium alloy using the experimental method was the
subject of research by Petrasinovi¢ et al. [12].

The main features that determine the fatigue life of
welded joints specimens are microstructure, degree of
softening and residual stresses (R). Fatigue testing that
was previously performed shows that fatigue limit at
stress ratio Rs =0.1 of FSW joints exceeds TIG joints in
1.3 time [13, 14]. Estimation of stress intensity factors
using an approximate method using a computer program
based on the finite element method is presented in the
work by Kastratovi¢ et al. [15].

The analysis of the microstructure of welded joints of
aluminum-lithium alloy 1460 has shown overheating in
recrystallization areas (Fig. 2) in the HAZ close to a weld-
base metal fusion line in TIG welding. Extension of the
zone of structural components fusion is about 2.25 mm
from weld joint to base metal (BM) fusion line. The grains
of the HAZ directly adjacent to this line have the largest
size. Near the boundary where the fine structure is visible,
alloying the BM layer in the joint a sub dendrite (Fig. 2b, c,
d). An interlayer with a fine sub dendrite structure (Fig. 2b,
¢, d) is observed close to the fusion line with the BM of the
weld. The metal of TMAZ after friction stir welding smoo-
thly changes grain orientation in the direction of the move-
ment of the tools working surfaces. Extended elongated
grains, oriented along the tool path, and equiaxial grains
are formed in the area. Very small (3-5 um) equiaxial gra-
ins (Fig. 2e, f, g) are formed in the central part (nugget) of
the joint due to significant plastic deformations.

g)
Figure 2. Microstructure of 1460 alloy BM (a) and welded joints produced by TIG using Sv1201 filler wire (b, d — weld to BM fusion
zones, ¢ — weld metal) and FSW (e — TMAZ from tool leading side, f - weld nugget, g — TMAZ from tool trailing side); x400
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The temperature of metal heating in the zone of the
weld formation affects the level of residual stresses. The
maximum value of longitudinal residual stresses for
TIG welding is 99 MPa. For FSW joints, the maximum
value of tensile stress makes 75 MPa (Fig. 3).

Reducing the temperature of edges heating and the
formation of the fine-grain structure of the weld in FSW
the degree of metal softening is less than that in TIG
welding. Measurements of metal hardness in the zone of
welded joints made by FSW show that it is higher than
in TIG welding. The hardness of the welded joint zone
is up to 85-86 HRB. While in TIG welding with Sv1201
filler wire the minimum hardness of the metal in the
central part of the weld is 71 HRB (Fig. 4).

The specimens of TIG welded joints without weld
reinforcement fracture along with the weld metal and
fracture of the specimens with weld reinforcement takes
place in the weld to base metal fusion zone. FSW joints
specimens fracture along the zone of thermomechanical
influence. The mechanical properties are given in Table 4.
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Figure 3. Distribution of longitudinal residual stresses in
1460 welded joint produced by TIG and FSW
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Figure 4. Distribution of hardness over the surface of
welded joints from 1460 alloy of 2 mm thickness produced
by TIG and FSW technology

Table 4. Mechanical properties of 1460 alloy welded joints
of 2 mm thickness

TIG FSW
as welded . without as welded
reinforcement
R, Fracture R, Fracture R, Fracture
(MPa) zone (MPa) zone (MPa) zone
31 | fusion o6, weld 344 | TMAZ
line metal

Note. Given values are average of 3- samples testing, cut out
of welded joints.
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4. CONCLUSION

Mechanized TIG welding of 2.0 mm aluminum-lithium
alloy 1460 at a welding speed of 12 m/h in the range of
welding current of 140 A and FSW with the rotation
speed of 1420 rpm are dangerous and require the
application of special methods and means of noise
protection.

Formation of FSW permanent joint in solid-state
phase allows eliminating the formation of cast coarse
dendrite weld structure typical for fusion welding. In that
case, refinement of base metal grain and formation of
new disoriented uniform grain size structure, with 3-4 pm
grain size and dispersed (<1 mm) phases precipitations,
takes place around the tool pin, in the place of the most
significant thermomechanical effect on the metal.

Since in the solid phase stresses are formed at a
lower temperature compared to fusion welding, the
maximum level of longitudinal tensile residual stresses
in the FSW joints of these plates aluminium-lithium
alloy 1460 are 35% lower than that in TIG joints.

The thermomechanical effect in friction stir welding
of heat-hardenable high strength 1460T1 alloy in
addition to grain refinement in the welding zone leads to
joint hardness decrease comparable to the base metal.
However, the degree of metal softening in solid-phase
welding of 1460T1 alloys is significantly lower than in
fusion welding. Therefore, the tensile strength of the
welded joints of these alloys, produced by the FSW, is
higher than that in as-welded joints by the TIG welding.
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NOMENCLATURE
Le, equivalent noise level
Lymax maximum noise level
Lymin minimum noise level
L, welding noise level
Lveas measured noise level
Lpack background noise level
1 welding current
v welding speed

224 = VOL. 49, No 1, 2021

vr giller wire feed rate

Vinov tool speed (no rotation)

d electrode diameter

d, diameter of torch nozzle

Our argon amount

Rs stress ratio

HRB Brinell Hardness

R, tensile strenght

R residual stresses
Acronyms

TIG Tungsten Inert Gas

FFSW  Friction Stir Welding

TMAZ ThermoMechanical Affected Zone
HAZ Heat-Affected Zone

MPL Maximum Permissible Level
HRB Brinell Hardnes

IPOIEHA HUBOA BYKE U MEXAHHYKA
CBOJCTBA 3ABAPEHUX CITOJEBA
AJTYMHUHHNJCKHUX JIET'YPA CUCTEMA Al-Cu-
Li IPU 3ABAPUBABY ®CB U TUT'
MNOCTYIIKOM

A.O. JIlyknanenko, C.B. MoTpynnu, /. bajuh,
B.A. Kynemos, A.I'. ITokananku, T.M. JIaGyp

OBaj ucTpaKMBa4YKK paj Mpe3eHTyje aHanusy TBpaohe,
CTPYKType M 3aTe3He uBpcTohe 3aBapeHHX CIIOjeBa
nerype 1460 m3 cucrema nerypa An-Lly-JIm, octBa-
penux TUI' 3aBapuBameM U 3aBapUBABEM CA TPEHEM
memameMm (PCB). HcnutuBaHe cy KapaKTepUCTHKE
aKycTH4YHe OyKe Ha paJHOM MECTy 3aBapuBaya TOKOM
MexaHuzoBanux TUDIT u OCB 3aBapuBama Jerype
ATyMUHHjyMa-JINTHjyMa Y LWJbY W3pajie Npernopyka 3a
mo0oJblamke 3IpaBiba U 0e30€IHOCTH TOKOM IIporeca
3aBapuBama. AHamm3upajyhm pesynrare, 3aKIbYUIITH
cMo nma cy tokoMm TUI 3aBapuBama BpemHOCTH OyKe
3aBaprBama Ha PaJHOM MecTy MHoro Behe ox rpaHuu-
HOT JI03BOJbEHOT HHMBOA Oyke. Pesyntatu cy moxaszamu
Jla BPEIHOCTH 3aBapHBadke Oyke JOCTHXKY BPEIHOCT O
95 nb. HuBo Oyke Ha pagaoMm mecty Ha DCB je Takohe
omacaH u joctike Bpeanoct on 84,3 nb. Takohe, y
pany cy ImpeicraBjbeHa Mepema TBplohe, CTPYKType U
3aresHe uBpcTohe legure 1460 3aBapeHMX cmHojeBa
nzpahenux TUI" u ®CB 3aBapuBameMm.
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