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ABSTRACT: The one-of-a-kind properties of series 7xxx aluminum alloys such as high strength, Review History:

relatively low density, good formability, and good resistance to stress corrosion cracking have made  Received: Feb. 25, 2023

this class of materials a good choice for aerospace, automobile, and marine industries. Watertight, Revised: Sep. 04, 2023

low weight, and fast procedure are the reasons why welding is used in many industries. The heat that ~ Accepted: Oct. 03, 2023
welding produces causes many problems like softening in the heat-affected zone. In this research with ~ Available Online: Nov, 01, 2023
the use of a 3-D finite element model, the heat transfer of the Al-7075-T6 is investigated and verified by
comparing them with the experimental model, and the reduction of hardness in the heat-affected zone of  Keywords:
the aluminum was predicted with good precision. In the next step, the softening of HAZ due to welding
was measured with microhardness. With the use of the FEM model kinetic of over-aging was measured.
The results show hardness of the alloy has two sources i.e., age-hardening and work-hardening. It seems
welding eliminates the effects of age-hardening but has no effect on the hardness that comes from work
hardening. Also, the decrease in the hardness of the solution-annealed area can be recovered through ~ oftening

Finite element method
TIG Welding

precipitation hardening

proper heat treatment. However, it is unrecoverable in the over-aged area.

Heat-affected zone

over-ageing kinetics

1- Introduction

High strength, low density, good ductility, and resistance
to stress corrosion cracking (SCC) have made 7000 series
aluminum alloys to be considered in shipbuilding industries
[1]. Aluminum alloys are aged to precipitate after dissolution
heat treatment and rapid cooling. As a result of aging,
microscopic particles begin to form that act as barriers in
grains and grain boundaries [2]. Fu et al. [3] used three aging
methods to investigate the effect of aging heat treatment
on restoring the lost hardness of T6-7005 alloy; as a result,
they realized that artificial aging is better than the other two
modes to restore the lost hardness during welding. One of the
common problems in the welding of work-hardened, heat-
treatable aluminum alloys such as the 7xxx, is strength loss
in the heat-affected zone (HAZ). [4]. Richardson et al. [5]
plotted the hardness profile for the welded 7075 alloy in one-
day and 30-day periods after welding. During welding, the
hardness dropped to about 80, but the 30-day aging (natural
aging) had it recovered, and the hardness increased to about
100. Finite element simulation has been employed for the
examination and analysis of various aspects of welding [6,7].

So far, only a few studies have been conducted to predict
the softening behavior of 7xxx aluminum alloys, which
include the exceptionally strong 7075 aluminum alloy. This
paper aims to examine the impact of welding heat input
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on the hardness loss in this alloy and propose predictive
relationships for estimating its hardness.

2- Materials and Methods

3-

This article utilizes a Smm thick Al-7075-T6 alloy.

the original samples were welded using the variables
specified in Table 1.

Cross-sections were prepared for metallography. The
first set of sections underwent metallographic analysis
and hardness measurements after 7 months. For the aging
process, natural conditions were employed, maintaining
room temperature and an air atmosphere. As for the second
set of sections, they were prepared for

To predict the decrease in hardness for non-isothermal
conditions, Papazian [8] used Avrami’s relationship as
equation (1):

y=1l-exp(—k"1t")
— 1
k= ko.exp(R—?) M

4- Results and Discussion
The simulated models were evaluated against real models
to validate their accuracy (Figure 2).
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Fig. 1. Schematic of the aluminum sheet

Table 1. Welding variables of the samples

Sample current Voltage
no. (A) V)
1 160 15
2 170 15
3 190 15
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Fig. 2. Validating the finite element models using the
dimensions of the weld pool
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Fig. 3. Hardness according to the distance from the weld line

At a certain distance from the welding line of all samples,
the hardness drop is more severe, which is caused by solution
annealing. As shown in Figure 3, the hardness decreases as
it approaches the weld line, which indicates the softening
behavior of the heat-affected zone.

The hardness of the samples after 7 months indicates
that the softening near the weld line has been partially
compensated. However, there is still a slight difference in the
hardness of the base metal (133 Vickers).

The aging percentage at each temperature is determined
by equation (2):

y=y1+y2><(l—y1) (2)
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Where y, represents the initial aging and y corresponds to
the total percentage of aging at each temperature. It should
be noted that the percentage of aging in the second stage
(y2) should be obtained from the percentage of aging in the
first stage. The hardness of the alloy can be influenced by
both aging and cold work. However, during welding, when
exposed to the heat from the heat source, the hardness tends
to decrease. This effect primarily impacts the aging process,
resulting in changes, while the hardness caused by cold
work can manifest as recrystallization. Figure 4 illustrates
the heat-affected area of all the samples. As observed, no
recrystallization occurred after welding, indicating that the
impact of cold work has not diminished.
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Fig. 4. Heat-affected zone in samples

5- Conclusions

*  During welding, the hardness in the heat-affected area
decreases, especially at higher input temperatures,
leading to complete loss of hardness due to aging in
all samples.

*  While appropriate heat treatment can compensate
for hardness drop in the solution-annealed area,
restoration is not possible in the super-aged area.
Artificial aging is the preferred method, but this study
utilized natural aging, resulting in approximately
97% restoration of the alloy’s initial hardness.

*  Moving towards the weld line from the heat-affected
zone boundary, the temperature range where hardness
drops to the annealing condition expands.
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Table 1. Chemical composition of 7075 aluminum obtained by spark emission spectroscopy

el S35 02 e e IS e e
ke ava Yha ) OY CeeFE O Lpay CAVE
m2olily P e U W el od 2 g Olgoss] s

A e 0 .+ 08A Y el NPREN

04 (5, g ommogll (3,9 Jbo Y JSS

Fig. 3. Schematic of the welded aluminum sheet

Bliseo diged 5, bsn b pxie ¥ Jgia
Table 2. Welding variables of the samples

. S &, 5Ly $ 58 ob> s
mm/s) (Lit/min) W) A) >
Y N \O \#e \
Y N VO \V-
Y N VO 4. Y
(s yud 4D ol oo 1) (silwdnd 5 255 laJde o BB Com g i -0
loy & bl (Sials 5 YU slalod 55 o3le 353 (Susudseys Lolod 4 275 klpd b osd (gilwand Jas ()5 —) -0

BB 5y (65503 )90 Llgi o 5 Jlow €5 > (gilwdnd pis iy Sl amo gl (Aly clase b oadgiloand la s olos

9 S)SSg 5 elatulyyge (claolliws (1395 0)nllS AL lade 93 ()] Obor apde> dulie ¥ S i85 )8 dunlie 3)50 (gilwdnd e

o Slp )% I 35 Kb lagite guane (ool pae e (28 sy ol )3 el ol (Bls disel b (gjloand Jao 2 sl

O Mo o)y sled Lo s g onbaiaS Plue asds gl Cuwl VS 20,5 blod jge Joloe plu g (6550 basl s daad da iolyb pled b o
g b Jie Cono ol onbigiludnd Gges g Ably S ool el Giloand I Jols sl b e (8l sl o s

ol ods ol il ¥ Jade p3 Liules] (cladiges



VeV e B Ve o8 domio VY Lo A oyled DO 6)53 peS prol Sl untigee 4y

(I=190A) s w550 (o (T=170A) 093 aiges (w0 (T=160A) ol aigos (bl 1o (6 hiSauo F JSuis

Fig. 4. Validating the finite element models: a) sample no. 1 (I=160A), b) sample no. 2 (I=170A), ¢) sam-
ple no. 3 (I=190A)

Silwded 9 (2525 W gl T Jooo

Table 3. Comparison of experimental and numerical results

yteed Glwdands Jow S e .
Apdg> Gos Azdg> 2)E e Bes  Aog> B)f  Amdg> Bes  Axdg> (2,0 1
B, o (ocskeo) (oiskeo) (ocskeo) (o) 7
Y YA - AY 0 -5 A4 \
AN AY- Y Y4 Vo Y 0A 54
V-5 ¥ F0 Y0 Ve Y RN ¥




VoV BV e dorao VYV Jlo A ojlass DO 090 ¢ pusS yuol SOl wins 4 puis

Wdiged plod (FSuw Judg.F Jgaa

Table 4. Hardness profile of samples
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Fig. 5. Hardness according to the distance from the weld line: a) sample no. 1 (I=160A), b) sample no. 2
(I=170A), c¢) sample no. 3 (I=190A)
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Fig. 6. Overaging percentage according to the temperature for the selected nodes in sample no. 3 (I=190A)
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Fig. 7. Heat-affected zone in samples: a) sample no. 1 (I=160A), b) sample no. 2 (I=170A), ¢) sample no. 3
(I=190A)
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