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ABSTRACT – A method for improving the brazing joining strength of Titanium alloy/Stainless steel
fabricated through fibre laser surface texturing is introduced because it is a simple process that
does not require the fabrication of complicated interlayers. However, previous research shows that
a milimeter scale was fabricated by surface modification for dissimilar brazing join, yielding
insignificant results and limiting the application and degree of enhancement. Fiber laser ablation
was used in this study to create microscale periodic patterns (grooves) on a stainless steel surface.
No defect or damage induced during laser surface texturing process. The groove dimension was
tunable by controlling the laser parameters. Vacuum brazing of Ti6Al4V to 316L stainless steel with
surface texturing, the average joint strength was 22.1 MPa, 34% of increase of joining strength
compared to unprocessed flat surface. The combination of laser surface texturing and brazing
proven effectively on joining strength enhancement.
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INTRODUCTION
With outstanding mechanical properties, corrosion resistance, high temperature resistance and weight reduction,
dissimilar join of titanium alloy/stainless steel components attracted thriving interest in particular industries, such as
aerospace repulsion system, oil pipeline and also in energy industries focusing for nuclear reactor [1,2]. Past experiments
shown that some of cycles have been effectively applied to join titanium composite and treated steel, solid-state welding
[3,4] and fusion welding [5,6]. Because of outstanding advantages i.e economical and efficiency, brazing also more
flexible in term of joint design and favourable to joint dissimilar material [1,7,8].
Active brazing is a more practical method of joining dissimilar materials in which reactive elements such as Ti, Zr,
Hf, and Rf are incorporated into brazing alloys to change the chemistry of the surfaces and improve wettability and
adhesion of the brazing alloy [9,10]. Previous studies have been carried out to investigate the active brazing for dissimilar
joint, and found out there are two main challenges are often encountered [11-13]. First, to avoid the excessive formation
that occurs on the interface, oversight the reaction of brazing alloy and the surfaces. Besides that, by optimize brazing
parameter and modifying filler composition is another of the option to solved to issue. [14,15]. Second, mismatch of the
coefficient of thermal expansion (CTE) between the materials that caused inappropriate generated residual stress between
these materials. The residual stress dependently to the joint and it is frequently this residual stress will lead to the failure
of the joint. Previous researchers [14,16,17] share their approach on how to reduce the residual stress in dissimilar brazing
joint.
The vast majority of research has focused on reducing thermal stress in dissimilar joints caused by CTE mismatch
between dissimilar materials. [18]. There are three commonly used technique; (i) by adding a soft and ductile interlayer
on the surfaces [16,19], (ii) By incorporating an interlayer with the same CTE value between two substrates, a gradient
structure in the joint is created, thereby balancing the residual stress distribution. [20] and (iii) by utilising secondary
phases with a low CTE on the interlayer [21]. Despite of that, sometimes it can be quite challenging to find proper
solutions. Hence, it's desirable to develop a completely unique technique or method which will optimise the residual stress
distribution on dissimilar brazing joint. C. Li et al. discovered that enhanced mechanical keying via a rough interface
profile is widely used in various systems to extend interface adhesion and thus component lifetime. [22], that the wobble
interface could have a significant influence on residual stress distribution across the coating of materials.
As a result, it is expected that a well-designed dishevelled interface for a brazing joint will be ready to optimise
residual stress distribution and bonding quality. Laser surface processing has emerged as a cutting-edge and promising
technique or process for pattering ceramics and metals [23,24]. Y. Zhang et al. conducted research to modify the surface
morphology of ceramic for dissimilar brazing [18], surface processing on an alumina surface with a femtosecond laser
yielded grooves less than 100m deep. The strength of a stainless steel joint is approximately 2.7 times greater than that
of a flat surface. The effect of laser power on joint strength was studied, and the optimal laser power was determined to
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be 0.3 W. The results showed that laser surface patterning increased joint strength significantly when compared to an
unprocessed flat surface.
A new technique for modifying the surface of a dissimilar brazing joint, Titanium alloy/Stainless steel, and improving
joining quality via fibre laser surface texturing is introduced in this study. Furthermore, fibre lasers are thought to be the
best type used in industry. [25]. It is investigated how machined surface morphology affects joint mechanical properties.
The effect of surface machining on stress distribution during shear testing in the brazing joint is investigated using optical
images and 3D laser scanning.

METHODS AND MATERIALS
The base metals to be brazed in this study were Ti6Al4V alloy and 316L SS with the chemical composition of Ti5.9Al-3.6V (wt.%) and Fe-16.5Cr-10.2Ni-2.0Mo-1.3 Mn (wt.%), respectively shown in Table 1. Prior to brazing, the
base metals were cut into the dimension of 5 mm with diameter of 6 mm for Ti rod and 60mm x 10mm for SS plate by
precision diamond cut as shown in Figure 1. AgCuTi alloy were used as brazing filler metallic alloy. Chemical
composition and temperature were shown in Table 2. The faying surfaces of base metal were polished with 600# to 800#
grit SiC papers then both base and filler metal ultrasonically cleaned in acetone solution for about 5 min.
Table 1. Chemical compositions of base metal
Chemical composition (wt.%)

Materials

Ti

Al

V

Fe

C

Mn

Mo

Cr

Ni

Titanium alloy (Ti4V6Al)

Bal.

5.5

4.5

-

-

-

-

-

-

Stainless Steel (316 L)

-

-

-

Bal.

0.03

2.0

2.0

17.0

12.0

Table 2. Chemical compositions and temperature of filler metal
Temperature, oC

Chemical Compositions, (wt.%)
Filler

Ag

Cu

Ti

Liquidus

BAg-Ti

71.25

27.25

1.5

790

Figure 1. Schematic dimension for each sample and filler metal
An ultra-fast fibre laser system was used to create periodic surface groove structures on stainless-steel samples. The
fibre laser had a wavelength of 1064 nm, a maximum speed of 3000 mm/s, a maximum frequency of 300 kHz, and a
precision of 1 micrometre. The laser beam had a diameter of 50 micrometres and was focused by a 186 mm focal length
lens, as shown in Table 3. The surface modification experiments were carried out in air, and the distance between grooves
is constant at 100m, as shown in Figure 2 of the schematic diagram. A confocal laser scanning microscope was used to
measure the surface profilers (Olympus, LEXT).
Table 3. Parameter for laser surface modification
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Laser Parameters

Values

Power (W)

27 (90%)

Speed (mm/s)

500

Operational mode

Loop: 5

Frequency (kHz)

20

Focus length (mm)

186
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Figure 2. Schematic diagram for surface texturing on SS
In a vacuum of 1.0x10-2 Pa, the joints were brazed with consistent parameters. The temperature profile was heating to
700 degrees Celsius at 10 degrees Celsius per minute and holding for 5 minutes; heating to 850 degrees Celsius at 5
degrees Celsius per minute and holding for 5 minutes; and finally cooling the inside furnace to room temperature. The
temperature profile for the brazing process is depicted in Figure 3. Shear testing at room temperature with a constant
speed of 3 mm/min was used to assess joint strength. Each data set contained an average of 3-5 samples. An optical
microscope and laser scanning measurements were used to examine the fracture surface of the joint. Figure 4 depicts a
typical brazed joint as well as a shear test schematic diagram. An optical microscope was used to examine the fracture
surface of the sample.

Figure 3. Temperature profile for brazing process

Figure 4. (a) Illustration of a typical joint and (b) Schematic of a shear test

RESULTS AND DISCUSSION
On the SS surface, periodic groove structures were created using fibre laser ablation. As a constant, the distance
between each parallel groove was set to 100 mm. Figure 4 shows that the ablated surface was smooth, with no visible
cracks or pores. Because of inherent advantages such as compactness, high pulse quality, and alignment freedom, fibre
lasers are quite well known to be passive mode-locking. [26]. In this study, the laser power density at the focal point was
far above the SS ablation threshold. Because the majority of the energy was removed during the ablation reaction, the
heat effect was minimised, preventing crack formation. Furthermore, the laser pulse width (10 -15 s) was much shorter than
the heat transfer time (10-12 s), resulting in precise ablation [27].
Figure 5 depicts an optical image of the as-fabricated textured surface taken with a confocal laser scanning microscope
at a depth of 73 m. Figure 5(c) also shows the corresponding analysis for textured surface, which shows the depth of the
grooves, height, and distance for each groove. Although the fabricated groove structure's alignment is regular, the form
accuracy is not perfectly uniform due to minor differences in the bottom morphologies of neighbouring grooves.
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Figure 5. (a) Optical image of laser surface textured, (b) Confocal analysis laser scanning image and (c) Cross-section
profile plot

Figure 6. 3D image of the groove structure surface and unprocessed surface
Figure 7 depicts the shear strength of a brazed joint at various surface conditions. In the graph, normal brazing is
represented by an untreated surface. The shear test was performed along the groove's perpendicular direction. The results
clearly demonstrated that joint strength was highly related to the surface condition, in this case laser power. The maximum
shear strength of the laser-patterned joints was 1.5 times greater than that of the flat surface joints (31.38 MPa). When
the shear strength of the brazed joint is compared to the shear strength of the original flat surface brazing, the shear
strength of the brazed joint with modified surface using high laser power is higher, indicating that the bonding strength
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of the brazed interface is strong. Surface modification clearly increases shear strength by approximately 35%, as shown
in the graph.

Figure 7. Shear strength between untreated and laser textured surface
Figure 7 depicts the spreading of the filler and the fracture of the brazed joint for both the original flat surface and the
modified surface. For Figure 7(a), the filler metal only spread on area contact of the joint while for modified surface,
Figure 7(b), the filler flow along the modified surface area, which larger that original flat surface. Visual inspection
revealed two fracture modes: SS fracture through the SS surface and interfacial fracture along the braze interface, as
shown in Figures 7(a) and (b). The fracture or necking occurs at the base SS metal due to high shear strength, as shown
in Figure 7(b). Furthermore, the filler spread is much wider than on the original flat surface. The joint strength will be
lower than expected if the filler material does not completely fill the joining area. For example, if the surface is not
modified, the wettability suffers, and the filler metal cannot spread throughout the joining area because it is solely
dependent on the surface condition. The spread of filler metal on the brazed area is one of the critical factors that contribute
to mechanical joining strength.

Figure 7. Surface of fracture; (a) original flat surface and (b) modified surface

CONCLUSIONS
The strength of the hybrid brazed joint has been significantly enhanced by fibre laser surface modifications on the
metal. The main conclusions are:
1.

The dimensions of the grooves surface structures could be tuned by adjusting laser parameters. The heat effect
was minimised by the fibre laser's cold-processing nature, and no defects on the base material were observed.

2.

Surface modification had a strong influence on joint strength. It is caused by the molten filler spreading on the
joining area. It demonstrates that using laser surface modification can increase joint strength by 35%.

3.

It can be observed that the by using laser to modified surface material, can significantly reduce the dispersion in
the results and improving the dependability of the joint.
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