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REZUMAT / ABSTRACT

ucrarea prezinta aspecte tehnologice privind sudarea prin frecare a materialelor disimilare de tip otel C45
cu aliaj de aluminiu A2024 prin utilizarea unui strat subtire intermediar sub forma de foaie subtire din
Al nealiat (EN AW-A1050).
S-a facut un studiu al calitatii imbinarii sudate prin: variatia grosimii materialului de adaos, in functie de timpul de
frecare si in functie de presiunea de frecare.
S-a obtinut o rezistenta la tractiune a imbindrii sudate prin frecare cu material de adaos A1050 si A5056 pentru cele
doud materiale disimilare C45 cu A2024, 6y = 270 N/'mm? si o = 375 N/mm?.

T he paper shows the friction welding technology issues dissimilar materials C45 steel type aluminum alloy
A2024 by using an intermediate form a thin layer of thin sheet of Al alloyed (EN AW-A1050).
It was performed a study combining quality welded: thickness tucked filler material, depending on the time of
friction and friction depending on the pressure.
It was obtained a tensile strength of friction welded joint A1050 and A5056 filler for the two dissimilar materials
C45 with A2024, &y = 270 N/mm* and o, = 375 N/mm?,
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1. INTRODUCERE

La sudarea prin frecare a materialelor disimilare
utilizate in domeniile de tranzitie cum ar fi: sectoare
calde sau industria frigului, s-a folosit un otel carbon,
C45, EN 10083-2 si un aliaj de aluminiu, EN AW-
2024, aliat cu Cu si Mg. Sudarea acestor doua
materiale este dificild deoarece in zona sudurii se
formeazd un compus intermetalic fragil, Al;Cu,Fe.
Rezolvarea acestei probleme se poate face prin
utilizarea unui strat subtire intermediar. [2]

In probe s-a utilizat o foaie subtire din Al nealiat
(EN AW-A1050).

Pentru optimizarea tehnologiei de sudare cu material
de adaos am studiat compatibilitatea materialului de
adaos cu materialul de bazd si influenta grosimii
acestui material de adaos asupra caracteristicilor
imbinarilor sudate.

Principiul procedeului este prezentat in Figural.

1. INTRODUCTION

The friction welding of dissimilar materials used in
transitional areas such as industry sectors warm or
cold, using a carbon steel C45, EN 10083-2 and
aluminum alloy EN AW-2024 alloy Cu and Mg.
Welding of the two materials is difficult because the
weld area to form a fragile intermetallic compound,
Al;Cu,Fe. Solving this problem is through the use of
an intermediate thin layer.

The samples we used a thin sheet of Al alloyed (EN
AW-A1050). [2]

To optimize the welding technology we studied
additional material compatibility with base material
and thickness of the additional material influence on
the characteristics of welded joints.

The principle of the process is shown in Figure 1.
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Fig. 1. Principiul procedeului cu material de adaos
Principle process with additional material

Pentru experimentari s-au utilizat materialele a caror
compozitie chimica este prezentata in Tabelul 1 si
Tabelul 2, iar caracteristicile mecanice sunt prezentate
in Tabelul 3.

For the experiments there were used the materials
with the chemical composition is shown in Table 1
and Table 2, and the mechanical properties are
presented in Table 3.

Tabelul 1. Compozitia chimica a materialelor
Table 1. Chemical composition of the materials

Material Si Fe Cu Mn Mg Cr Zn Ti Zr Al
A1050-H14 0.13 | 0.13 | 0.00 | 0.00 0.01 - - 0.01 - remainder
A2024-T3 0.20 | 0.31 | 458 | 0.50 1.30 0.1 | 025 | 0.12 | 0.02 | remainder
Tabelul 2. Compozitia chimica a materialelor
Table 2. Chemical composition the materials
Material C Si Mn P S Cu Cr Ni Fe
C45 (EN 10083-2) | 0.43 | 0.26 | 0.78 | 0.019 | 0.017 | 0.02 | 0.059 | 0.088 | remainder
Tabelul 3. Caracteristicile mecanice ale materialelor
Table 3. Mechanical properties of the materials
. Tensile Strength | Yield strength Elongation
Material (N/mm?) (N/mm?) (%)
A1050- H14 98 92 25
A2024-T3 395 275 22
C 45 (EN 10083-2) 727 422 23

2. PARAMETRI DE SUDARE

Calitatea imbinarii sudate a fost cercetata prin alegerea
corespunzatoare a grosimii materialului de adaos si
prin variatia parametrilor de sudare: timpul de frecare,
viteza de de rotatie si presiunea de frecare. [3]

2.1. Studiul calitatii sudurii prin variatia grosimii
materialului de adaos

Pentru experimentari au fost utilizate masini de sudat
prin frecare continua.

In Figura 1, se prezinti sudarea unui otel C45 pe care
s-a aplicat un material de adaos A 1050, iar apoi a fost
sudat cu un duraluminiu ENAW-A 2024.

Pentru sudarea probelor cu diametrul de 12 mm,
grosimi ale materialului de adaos de 3, 5si 10 mm s-au
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2. WELDING PARAMETERS

The quality of the welded joint was assessed by the
appropriate choice of the thickness of the material
added by the variation of the welding parameters:
time of friction, the speed of rotation and friction
pressure. [3]

2.1. Study of weld quality by thickness variation
of the filler material

For experiments were used continuous friction
welding machines.

In Figure 1 is shown the welding of steel C45 which
bear an additional material 1050, and then welded
with a duralumin ENAW-A in 2024.

For the welding tests with a diameter of 12 mm,
thickness of the filler material 3, 5and 10 mm were
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folosit urmatorii parametri de sudare:

P frecare = 20 (N/mmZ),
P refutare = 60 (N/mm°),
t = 1(3),

tref: 0,5(3),

n=2600 (rot/min).

Rezultatele acestor experimentari sunt prezentate in

Tabelul 4 si Figura 2.

welded using the following parameters:

p friction — 20 (N/mmz),z

p repression =60 (N/mm ),

tf =1 (S),

tref = 0.5 (S),

n = 2600 (rev/min).

The results of these tests are presented in Table 4 and
Figure 2.

Tabelul 4. Rezultatele experimentarilor
Table 4. The results of tests

Filler material thickness Tensile strength after welding
Nr. sample 2
(mm) (N/mm?°)
1 3 174
2 5 192
3 10 106

S-a constatat ca in cazul in care materialul de adaos a
avut grosimea mai mare de 10 mm, sudurile au fost
nesatisfacatoare ruperea producandu-se in materialul
de adaos. Din acest motiv s-a facut un studiu care a
avut ca scop stabilirea unei grosimi optime a
materialului de adaos.

In Figura 2 este prezentati variatia rezistentei la
tractiune in functie de grosimea 1 a materialului de
adaos. Din Figura 2 se observad ca la o grosime a
materialului de adaos | = 5 mm se realizeazd o
rezistentd a Tmbinarii buna.

Aspectul macroscopic al imbinarilor sudate este
prezentat in Figura 3.

9y
(N/mm°)

300

200

It was found that if the filler material has a thickness
greater than 10 mm, the welding were poor breakage
occurring in the filler material. For this reason, a
study which aimed to establish an optimal thickness of
filler material.

Figure 2 shows the variation in tensile strength
depending on the thickness of the filler material. From
Figure 2 it is noted that the add-on material thickness
I =5 mm is achieved a good joint strength.

The macroscopic appearance of the welded joints is
shown in Figure 3.

8 10 12 | (mm

Fig. 2. Variatia rezistentei la tractiune in functie de grosimea materialului de adaos
Change in tensile strength depending on the thickness of the admixture

A2024

= 10 mm =5 mm

C45  A2024

=3 mm

Fig. 3. Aspectul macroscopic
Macroscopic appearance
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Cand grosimea materialului de adaos este mare
(I = 10 mm), ruperea se produce in acest strat. Cand
grosimea materialului de adaos este egald cu 3 mm
se obtine o sudurd bund, apropiatd ca atunci cand
I=5mm.

Aceste rezultate duc la concluzia cd atunci cand
grosimea initiald a materialului de adaos este mare
stratul remanent al materialului de adaos este gros, iar
rezistenta imbinarii este egala cu a materialului de
adaos. Cand grosimea materialului de adaos este mica,
sudabilitatea este aceeasi cu cea obtinutd prin sudare
directa intre otelul C45 si A 2024 . [4]

Grosimea materialului de adaos este factorul decisiv a
calitatii sudurii.

Alegand o grosime a materialului de adaos | =5 mm
s-au studiat si alti parametri de sudare, timpul de
frecare, viteza de rotatie si presiunea de frecare.

2.2. Studiul calitatii sudurii in functie
de timpul de frecare

Cercetdrile experimentale s-au fdacut cu urmatorii
parametri de sudare:

Ptrecare = 20 (N/mmz)a

Prefutare = 60 (N/mmz);

n=2600 (rot/min).

Variatia rezistentei la tractiune a probelor sudate in
functie de timpul de frecare este prezentata in Tabelul
5 si Figura 4, iar cercetarea microscopica in Figura 5.

When the thickness is greater filler material
(I = 10 mm), breaking occurs in this layer. When the
thickness of the mixture is equal to 3 mm to obtain a
good weld, similar to that where | =5 mm.

These results lead to the conclusion that when the
initial thickness of filler material is high residual
layer of filler material is thick and joint strength is
equal filler material. When the thickness of the filler
material is low, the weldability is the same as that
obtained by the direct welding between C45 and
A 2024. [4]

On material thickness of the weld quality is the
decisive factor.

By choosing the thickness of the filler material
| = 5 mm they were studied and other welding
parameters, time of friction, the speed of rotation and
friction pressure.

2.2. The study of the weld quality according
to the time of friction

Experimental investigations were made ahead of the
welding parameters as follows:

p friction — 20 (N/mmz)y

P refutare = 60 (N mmz),

n = 2600 (r/min).

The variation of tensile strength of the welded
samples of friction versus time is shown in Table 5
and Figure 4 and Figure 5 microscopic investigation.

Tabelul 5. Variatia rezistentei la tractiune in functie de timpul de frecare
Table 5. The variation of tensile strength of friction versus time

NI samole Friction time Tensile strength after welding
- Samp (s) (N/mm?)
1 0.5 120
2 2 230
3 4 150
Ot R A
(N/mm~)
300 |
200 F
100 F
0 Lo -2 & | TR NN TP | L >
t(s)
0 1 2 4 5 6

Fig. 4. Variatia rezistentei la tractiune a imbinarilor sudate in functie de timpul de frecare
The variation of tensile strength of welded joints versus friction time
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Fig. 5. Microstructura imbinarilor sudate
Microstructure of welded joints

Se constata urmatoarele:

- daca t;= 4 s stratul remanent al materialului de
adaos devine mai subtire cu cat timpul de frecare
este mai mare, iar rezistenta imbinarii este mai
mica (Figura 5c),

- daca t;= 0,5 s stratul remanent al materialului de
adaos este mare, nu este distribuit uniform, este
amestecat numai cu A 2024, iar rezistenta
imbinarii este mica (Figura 5a),

- daca t; = 2 s stratul remanent al materialului de
adaos este uniform distribuit pe intreaga suprafata
a materialului de baza, iar rezistenta imbinarii este
mare (Figura 5b), acest strat remanent al
materialului de adaos impiedica contactul direct
dintre materialele de baza si se realizeazd o
intrepatrundere datorita efortului tridimensional.

2.3. Studiul calititii sudurii in functie
de viteza de rotatie

Cercetarile experimentale au fost facute cu urmatorii
parametri de sudare constanti:

Prrecare = 20 (N/mmz);

Prefutare = 60 (N/mmz)a

= 1,5(5),

tref = 0,5(5)

Variatia rezistentei la tractiune a epruvetelor in functie
de viteza de rotatie (n) sunt prezentate in Tabelul 6 si
Figura 6).

It finds that:

- If tt = 4 s the remaining layer of filler material
becomes thinner with time as friction is higher
and lower bond strength (Figure 5c),

- If t; = 0.5 s the remaining layer of filler material
is great, is not distributed evenly mixed only
with A in 2024, and the joint strength is low
(Figure 5a),

- If tf = 2 s the remaining layer of filler material
is uniformly distributed over the entire surface of
the base material and joint strength is high
(Figure 5b), this residual layer of filler material
prevents direct contact between raw and effort
is achieved through three - dimensional inter-
penetration.

2.3. The study of the weld quality according
to the speed of rotation.

Experiments have been made with the following
welding parameters constant:

P friction = 20 (N/mmz)y

p repression — 60 (N/mmz)y

ty=1.5 (S),

tree = 0.5 (5).

Change in tensile strength of the test pieces according
to the speed of rotation (n) are shown in Table 6 and
Figure 6.

Tabelul 6. Variatia rezistentei la tractiune in functie de viteza de rotatie
Table 6. The variation of tensile strength to the speed of rotation

NI sample The rotational speed | Tensile strength a;‘ter welding
(rev/min) (N/mm°)
1 1600 245
2 4000 270
3 5000 240
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Fig. 6. Variatia rezistentei la tractiune a epruvetelor in functie de viteza de rotatie (rot/s)
Change in tensile strength of the test pieces according to the speed of rotation (rot/s)

Rezistenta cea mai mare la tractiune este de 270 N/mm?
la o viteza de rotatie de n = 4000 rot/min.

Probele sudate prin frecare cu acesti parametri au fost
cercetare microscopic, rezultatul acestei cercetari este
prezentat in Figura 7.

The higher the tensile strength is 270 N/mm* at a
rotational speed of n = 4000 rev/min.

The samples welded by friction with these parameters
were investigated microscope, the result of this study
is shown in Figure 7.

1=5 mm .:0_;.'11’1

Fig. 7. Aspectul microscopic al stratului remanent al materialului de adaos
The appearance of microscopic residual layer of filler material
1) zona periferica / peripheral area,
2) zona mediand / the median,
3) zona centrala / central zone.

Grosimea stratului remanent al materialului de adaos
(Figura 7), variazd de la zona centrala pana la zona
periferica, de la 10 um in zona centrald pana la 60 um
in zona periferica.

Cand s-a facut o sudare prin frecare cu material de adaos
cu grosimea | = 5 mm si parametri de sudare ca cei
prezentati in Figura 4 si Figura 6, s-a constatat ci fata
frontala dinspre otelul C45 este acoperitd cu un strat
subtire de material de adaos care conduce la o imbinare
buna.

Un strat uniform si o grosime micd a materialului de
adaos a fost observata in Figura 5b, cand calitatea
sudurii a fost evaluatd printr-o rezistentd mare la
tractiune.

Studiindu-se rezistenta la tractiune a imbindrii in functie
de viteza de rotatie cu parametri specificati in Figura 6,
imbinarea cu rezistenta cea mai mare a fost de
270 N/mn’,
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The thickness of the remaining layer of filler material
(Figure 7) varies from the center to the peripheral
area from 10 my in the central area to the peripheral

area 60 my.
When there was a friction welding filler material of a
thickness | = 5 mm and the welding parameters as

those shown in Figure 4 and Figure 6, it was found
that the steel C45 from the front face, is coated with a
thin layer of filler that leads to a good joint.

A uniform layer of a small thickness the filler
material has been observed Figure 5b, the quality of
the weld was evaluated by a high tensile strength.

By studying the tensile strength of the joint according
to the speed of rotation of the parameters specified in
Figure 6, the combination with the highest resistance
was 270 N/mm?®.
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2.4, Studiul calititii sudurii in functie de
presiunea de frecare

Cercecetarile experimentale au fost facute utilizdnd ca
material de adaos un aliaj de aluminiu cu magneziu
(A5754) a carei grosimi a fost 5 mm si sudatd prin
frecare cu urmatorii parametri de sudare:

- viteza de rotatie, n = 3000 rot/min,

- prefulare =80 (N/mmZ)’

-t = 1,5(3),
- tref: 0,5(5)
oy i
(N/mnr’)
400
300 ¢

200 -
100 *

20

0

2.4. The study of welding quality of
friction according to the pressure

Experimental research were done using a filler
material with the magnesium aluminum alloy (A5754)
whose thickness was 5 mm, and welded by friction
welding with the following parameters:

- speed of rotation, n = 3000 rev/min,

- p repression =80 (N/mmZ),

- tf =15 (S),
- tref =05 (5)
40 80 P’-(\' mnt)

Fig. 8. Variatia rezistentei la tractiune in functie de presiunea de frecare
Change in tensile strength depending on the pressure of friction

Aceste cercetari arata ca rezistenta la tractiune a
imbinarii sudate este de 375 N/mm?, mai mare cand se
utilizeaza ca material de adaos un aliaj de aluminiu cu
magneziu, in comparatie cu utilizarea unui aluminiu
A1050.

Grosimea stratului remanet al materialului de adaos
din zona imbinari sudate este aproximativ de 600 um,
aceasta explica rezistenta la tractiune mai buna.

3. CONCLUZII

Dupa cercetarile experimentale privind alegerea

parametrilor optimi de sudare prin frecare continua

s-a obfinut o rezistenta la tractiune a imbindrii sudate

prin frecare cu material de adaos A1050 si A5056 pentru

cele doud materiale disimilare C45 cu A2024, Rm; =

270 N/mm? si Rm, = 375 N/mm®.

Alegerea corespunzatoare a parametrilor de sudare prin

frecare a contribuit la obtinerea unei imbinari calitativ

superioare prin:

- stabilirea unei grosimi optime a materialului de
adaos,

- alegerea unui timp de frecare optim pentru obtinerea
unui strat remanent al materialului de adaos uniform
distribuit pe intreaga suprafatd a materialului de
bazd, pentru a impiedica contactul direct dintre
componentele de sudat si foarte subtire pentru ca
ruperea sa nu se produca in acesta,

- alegerea unei viteze optime de rotatie pentru
obtinerea unui strat remanent al materialului de

This research shows that the tensile strength of the
welded joint is 375 N/mm?, larger when used as a
filler of an alloy of aluminum, magnesium, in
comparison with the use of an A1050 aluminum.

Remanet thickness of the filler material in the welded
joint is approximately 600 mg, which explains the
good resistance to traction.

3. CONCLUSIONS

After experimental research on choosing the optimal
parameters of continuous friction welding obtained
a tensile strength of friction welded joint A1050
and A5056 filler for the two dissimilar materials C45
with A2024, Tensile strength 1 = 270 N/mm? and
Tensile strength 2 = 375 N/mm?.

Choosing appropriate parameters friction welding
joints have contributed to a higher quality by:

- establishing optimum filler material thicknesses,

- for choosing an optimum friction to obtain a
residual layer of filler material uniformly
distributed over the entire surface of the base
material to prevent direct contact between the
components Welding very thin and because
tearing does not occur therein,

- choosing optimal rotational speeds to obtain a
residual layer of filler material whose thickness
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adaos uniform si subtire a carui grosime variaza de uniform and thin ranges from central to 10 uzm to
la zona centrald pana la zona periferica de la 10 um 60 um peripheral zone area,

la 60 um,

alegerea ca material de adaos a unui aliaj de - choice of a filler wire with the magnesium alloy
aluminiu cu magneziu care poate Imbunatafi can be improved tensile strength properties.

proprietatile de rezistenta la tractiune.
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