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The thermosetting plastic and stainless steel were joined with a fiber laser. The influence of
processing parameters on the joint was studied. The laser scanning on stainless steel is shown to
result in the formation of the heat-affected and fusion zomes. In the first zone, lathy ferrite
precipitates along the boundary, which modifies austenite, while in the second zone, ferrite forms the
skeleton structure and separates austenite into a small cellular structure. The laser joining improves
the microstructure of both zones. With an increase in the laser scanning speed and power, the shear
strength of the stainless steel/plastic joint first increases and then decreases. A low laser scanning
speed or high laser power would overheat polyphenylene sulphide and lead to its decomposition.
Those factors would also reduce heat transfer and lead to its insufficient melting. The stainless
steel/plastic joint acquires a maximum shear strength at a laser scanning speed of 4-5 mm/s and
laser power of 320-350 W.

Keywords: laser joining, carbon fiber-reinforced thermoplastic, stainless steel, microstructure,
shear strength, bonding interface.

Introduction. Recently, the carbon fiber reinforced polymer (CFRP) has been
received much attention, because of its advantages, such as high specific stiffness, low
density, excellent corrosion resistance, high strength to weight ratios, good environmental
degradation and fatigue resistance, etc. [1, 2]. Therefore, it has been applied as the
structural material in lots of fields, such as aerospace, concrete structure, automotive,
electronic and so on [3, 4]. However, the wide application of the CFRP inevitably
encounters the problem of how to join the CFRP with the metal-based components. In
general, the joining between metals and CFRP could be performed by the adhesive
bonding, thermal and mechanical joining. Among them, the mechanical joining has been
considered as a convenient way with high efficiency. However, due to the characteristics of
the CFRP, the conventional mechanical joining could not join the CFRP on metal without
the damage on CFRP [5]. The research [6] on the double-lap joints of aluminum and CFRP
laminate by rivets arrays exhibited that the initial delamination near the CFRP hole edge
could influence the strength of the joint because the crack or delamination could grow
rapidly along the initial damage region. Kweon et al. [7] exhibited that the AI/CFRP double
lap joint with adhesive bonding and bolt insertion could improve the mechanical properties.
However, the hybrid joint also destroyed the microstructure of CFRP and influenced its
strength and fatigue properties [8]. Though the adhesive bonding has no damage on the
CFRP, its low bonding strength and long cure processing restrict its application. Therefore,
it is necessary to develop processing technology without damage to the carbon fiber and
polymer.

The polyphenylene sulfide (PPS) based carbon fiber reinforced thermoplastic
(CFRTP) is a kind of carbon fiber reinforced polymer with good thermo-process feature
and the main advantages of CFRP so that it can be joined with the metal by thermal
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processing. The recent studies [9, 10] exhibited the CFRTP and metal could be joined
together by the friction stir method, which took use of the heat from the friction stirring
metal to melt the CFRTP and fixed the metal and CFRTP. Though the friction stir could
decrease the damage of the CFRTP, the stress would concentrate along the friction stirred
hole and then lead to the failure of the CFRTP. Katayama and Kawahito [11] exhibited that
the direct laser irradiated on stainless steel could generate a Cr,O; transition layer on the
interface of plastic/stainless steel. Moreover, the research of Tan et al. [12] revealed that the
shear strength of the CFRP/steel joint was improved by the existence of Cr layer on the
steel surface because it could form the Cr-O-PA6T bonding along the joint interface. The
study of Tan et al. [13] revealed that the heat from the laser would result in rapid
temperature increases, which could generate the CO,, NH3, and H,O in the CFRP and
promote the air bubbles and porosity. Based on the previous researches [14, 15], the
formation of defects along the joining interface influenced the mechanical properties. Then
it became important how to decrease the formation of porosity during the laser joining
CFRTP and metal.

Based on the previous researches, it could be found that they mainly focused on the
interface and the bonding mechanism of the joint between CFRTP and steel. However, until
now, few works have been done to study the effect of laser joining processing parameters
on microstructure and mechanical properties of CFRTP and steel. Therefore, in the present
paper, the joint of the CFRTP and stainless steel was prepared by the fiber laser with
various laser power and laser scanning speed. The microstructure, joint interface and
mechanical properties of the joints were investigated to obtain the optimal processing
parameters.

1. Experimental Procedures.

1.1. Materials. In this study, the CFRTP panels with PPS matrix reinforced by T700
carbon fibers were cut in size of 50X 30X 3 mm, and the stainless steel plate with a size of
50x30x 2 mm were prepared. The stainless steel surface for bonding was scratch brushed
by the 120# abrasive paper to increase the roughness. The CFRTP is composed by PPS
matrix and 15 layers T700 carbon fibers, which is weaved with intersected structure. The
carbon fiber is wrapped by the PPS, and the average thickness of a single layer is about
200 um. Table 1 shows the chemical composition of the stainless steel.

Table 1
The Chemical Composition of the Stainless Steel (wt.%)
C Mn Mo Ni Cr Si S P Fe
0.06 0.98 2.16 12.36 17.56 0.48 0.008 0.028 | Balanced

1.2. Experimental Procedures. The joining of stainless steel and CFRTP was
conducted by a fiber laser welding system. This system comprises 1410RABB robot, 500 W
fiber laser (continuous wave laser machine and the wavelength is 1080 nm), laser
processing head (the focal length is 120 mm), air-actuated clamp and cooling system. The
schematic diagram of the joining of stainless steel and CFRP by a laser is shown in Fig. 1.
Firstly, the CFRTP overlaid with PPS additive on the surface was placed on the laser
welding system and the stainless steel plate was placed above the PPS additive. After then,
the stainless steel, PPS additive, and CFRTP were clamped by the air-actuated clamp which
has a groove with a size of 60X 10X 5mm in the upper one. The clamping pressure could be
adjusted by controlling the air-actuator. During the laser joining, the laser beam would scan
on the surface of stainless steel in the groove with the argon gas flow velocity of 30 1/min.
To investigate the effect of the processing parameters on the joint strength, the laser power
and scanning speed were changed gradually. Firstly, the laser scanning speed, clamping
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pressure, and thickness of PPS were set as 5 mm/s, 0.5 MPa, and 300 um, respectively.
While the laser power changes from 290 to 410 W with an interval of 30 W. Then the laser
power, clamping pressure, and thickness of PPS was set as 320 W, 0.5 MPa, and 300 um,
respectively. And the laser scanning speed changes from 3 to 6 mm/s. The detailed
changing of the processing parameter is listed in Table 2. In all laser-joint specimens, the
defocusing amount is —20 mm (the laser beam diameter is 750 um).

Table 2
The Detailed Processing Parameters of Laser-Joint Stainless Steel and CFRTP
Sample Laser power Laser scanning Clamping pressure | Thickness of PPS

W) speed (mm/s) (MPa) (um)
Al 290 5 0.5 300
A2 320 5 0.5 300
A3 350 5 0.5 300
A4 380 5 0.5 300
A5 410 5 0.5 300
B1 320 3 0.5 300
B2 320 4 0.5 300
B3 320 5 0.5 300
B4 320 6 0.5 300
B5 320 7 0.5 300

Laser beam

¢ Prvs‘a-ing clamp

C 4

t #

Fig. 1. The schematic diagram of stainless steel and CFRTP laser joining.

The laser-joined stainless steel and CFRTP samples were characterized by the tensile
test, optical analysis, and scanning electron microscopy (SEM). The tensile test was
performed in the UTM4304 electronic universal testing machine to evaluate the shear
strength of the stainless steel and CFRTP joint. The Phenom Pro SEM was employed to
analyze the fracture surface, and cross section of the laser joined sample. The specimen for
cross-sectional observation is cut from the laser joined sample and polished by the
conventional metallographic method.

1.3. Numerical Simulation. Though the temperature of the stainless steel surface
could be detected during the laser joining, however, the temperature distribution in the
stainless steel, PPS additive, and CFRTP could not be tested adequately. To explain the heat
transfer during laser joining processing, the numerical simulation was performed to analyze
the temperature distribution in the laser joining region. In our previous research, we have
investigated the temperature distribution in 304 steel and CFRTP without PPS additive. The
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results exhibited that the temperature dropped obviously along the interface, and the fusion
size of PPS in CFRTP increases with laser power, but they were not the linear relationship
[16]. In the present research, the steel changed into 316 stainless steel, and PPS additive
was added on the interface. The detailed conditions of the simulation mode were almost
similar to our previous research. The initial temperature was set as 20°C. The software
ANSYS was applied to calculate the temperature distribution of the laser joint. The
three-dimensional element model of laser joint was constructed by the SOLID70. To
balance the simulating precision and computational efficiency, the size of the element in the
laser scanning path was optimized. Table 3 exhibits the thermophysical parameters of the
T700 and PPS used in the calculation.

Table 3
Thermophysical Parameters of T700 and PPS
Material Specific Thermal Density | Melting | Glass transition | Decomposition
heat conductivity (kg/m?) point temperature temperature
(/(kg:-°C) | (W/m-"0)) O €O O
T700 712 6.5 1760 3000 - -
PPS 1544 0.278 1350 280 170 400

2. Results and Discussion.

2.1. Microstructure of the CFRTP and PPS Additive. The typical microstructures of
PPS based CFRTP and PPS additive are shown in Fig. 2. The PPS based CFRTP is mainly
composed of black-grey carbon fiber and white-grey PPS matrix, as shown in Fig. 2a.
From the SEM image, it can be found that the carbon fibers are overlapped layer by layer,
and most carbon fibers are packed and bonded together by the PPS. Based on the
macroscopic observation, the layer of carbon fiber is weaved as decussate structure.

Fig. 2. Morphology of the PPS based CFRTP and PPS additive: (a) CFRTP with the overlapping of
carbon fibers; (b) carbon fiber array; (c) carbon fibers packed by the PPS; (d) PPS additive.
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The layer of carbon fiber is about 200 um in thickness. It also can find some layer with
higher thickness. The observation on the layer of carbon fiber exhibits that they have the
average size of 6 um in diameter, as shown in Fig. 2b. Moreover, the distribution of PPS in
the CFRTP is not uniformly, and the interface of the carbon fiber layer prefers to be the
vacancy of PPS. The observation on the torn PPS based CFRTP exhibits that the carbon
fiber has good integrity with a regular arrangement, as shown in Fig. 2c. The SEM analysis
on the PPS additive reveals that the wires of PPS are overlapped randomly, and there is
relatively high porosity, as shown in Fig. 2d. Based on the SEM image, the PPS wire has
the size of 20-30 um in diameter.

2.2. Characterization on the Laser Joined Stainless Steel and CFRTP. The
macrograph of the laser joined the stainless steel and CFRTP is shown in Fig. 3. The laser
scanning results in the ignited feature in the stainless steel which exhibits light oxidation on
the laser scanning track, as shown in Fig. 3a. Observation on the side of CFRTP and PPS
displays that the PPS has no any changes but the PPS additive between the stainless steel
and CFRTP has been melted, as shown in Fig. 3b. Based on the previous research [16, 17],
the laser-scanned surface of the steel would reach 1800°C, and the interface of the stainless
steel and CFRTP would reach 400°C. That indicates the heat from the laser scanning would
be exceeded for the melting of the PPS additive. Then it can ensure the PPS additive, and
the surface of the CFRTP would be merged with each other and then bonded with the
stainless steel. Therefore, the roughness of the stainless steel surface is helpful, which
increases the bonding surface and bonding force.

(a)

L e

Fig. 3. Morphology of the laser-joined CFRTP and stainless steel with PPS additive: (a) steel with the
laser scanned; (b) PPS additive with the melting feature.

The observation on the interface of the laser joined CFRTP, and stainless steel reveals
that the CFRTP still can be bonded on the stainless steel even without the PPS additive, as
shown in Fig. 4a. Such a joined state should be attributed to the existence of PPS in the
CFRTP. During the laser joining, the laser scanning on the stainless steel would increase the
temperature of the steel surface to about 400°C, which could melt the PPS to liquid and
spread on the gap of stainless steel and CFRTP [16]. Due to the limited amount of PPS in
the CFRTP, the melted PPS could not spread on the gap uniformly. The addition of PPS
additive would deal with the problem, as shown in Fig. 4b. It can be seen that the molten
PPS has filled the gap of steel and CFRTP, and moreover some molten PPS additive has
flowed out of the gap and spread on the adjacent stainless steel, but the distribution is not
evenly. Based on the observation above, there are vacancies in the CFRTP without PPS,
which may influence the bonding force between the carbon fibers. If the melted PPS
volume is sufficient, it would fill the vacancy and improve the bonding strength.

The observation on the laser scanned stainless steel reveals that the laser scanning
influences the microstructure greatly, as shown in Fig. 5. It can be seen that there are fusion
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Fig. 4. Morphology of the interface of the laser joined CFRTP and stainless steel without PPS
additive (a) and with PPS additive (b).

Fig. 5. (a) macrograph of the laser-scanned stainless steel; (b) microstructure of the stainless steel
along the interface of matrix and HAZ (4 position); (¢) microstructure of the stainless steel adjacent
to the fusion zone (B position); (d) microstructure of the stainless steel in the fusion zone (C
position).

zone and heat-affect zone (HAZ) in the steel, which exhibits hemi-ellipsoidal shape, as
shown in Fig. 5a. The fusion zone is marked by the blue dash line and has the width of
about 470 um and the depth of about 580 um. The HAZ embraces the fusion zone and has
the width of 100-180 um, which is marked between the red dash line and blue dash line.
The fusion zone almost has the cone shape, and its center is 300 um from the surface. Such
a morphology of fusion and HAZ should be attributed to the defocus of the laser. Based on
the microstructure analysis, the stainless steel exhibits homogeneous grains with the
average size of 20 um, but the laser scanning changes the microstructure, as shown in
Fig. 5b and c. In the HAZ, the lathy ferrite mainly precipitates along the original grain
boundary or twin boundary, which separates the original grain and refines the structure.
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Moreover, a distinct boundary formed between the HAZ and matrix. With the observation
proceeding to the fusion zone, the ferrite becomes coarse and increases, which forms the
skeletal structure. There is no distinct boundary between the HAZ and the fusion zone.
However, the fusion zone could be distinguished by the morphology and amount of the
ferrite [18, 19]. In the fusion zone, the skeletal ferrite and cellular austenite is the main
characteristic. Based on the researches [20, 21], the microstructure of the fusion zone and
HAZ is influenced by the Cr,, /Ni,, ratio and cooling rate. The higher cooling rate and
Cr,, /Ni,, ratio could promote the formation of cellular structure. In the present research,
the relative high Cr content and rapid laser scanning speed would promote the formation of
ferrite with intercellular or interdentritic structure. Therefore, one can see the skeletal ferrite
separates the austenite into small cells. Such a refined structure might be helpful to the
improvement of the strength [22-25].

2.3. Effect of Laser Power on the Laser Joining Stainless Steel and CFRTP. To
investigate the effect of processing parameters on the bonding force of laser joining
stainless steel and CFRTP, the laser power and scanning speed were changed gradually, and
the shear strength of the laser joining specimens was tested. During investigating the effect
of laser power, the clamping pressure, laser scanning speed, and thickness of PPS were set
as 0.5 MPa, 5 mm/s, and 300 um, respectively. The shear strength of the stainless
steel/CFRTP joints with different laser power is shown in Fig. 6. The variation of shear
strength with power exhibits parabolic tendency. Firstly, the stainless steel/CFRTP joint
exhibits an increased shear strength and attains the maximum value of 15.8 MPa at 320 W.
When the laser power increases to 350 W, the shear strength of stainless steel/CFRTP joint
only slightly decreases. After then the shear strength decreases sharply with laser power
growing further. Based on the SEM observation above, the high laser power is beneficial
the melting of PPS additive and PPS in CFRTP, which could promote the merging of PPS
additive and CFRTP and then improve the bonding force between the stainless steel and
CFRTP. However, if the laser power is much higher, the improved fluidity of molted PPS
and clamping pressure would result in its overflowing out of the gap between stainless steel

and CFRTP, which is detrimental to the bonding.
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Fig. 6. The shear strength of the stainless steel/ CFRTP joints with different laser power.

The observations on the debonding surface of the stainless steel/CFRTP joints with
different power show that they almost exhibit the similar feature with the debonding along
the interface of PPS, as shown in Fig. 7. The difference is the fraction of PPS additive that
is residual on the CFRTP. The stainless steel/CFRTP joint with a laser power of 290 W has
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no PPS additive left on the CFRTP, which indicates the bonding force between CFRTP and
PPS additive is lower than that between PPS additive and stainless steel. With the laser
power increasing, the amount of PPS additive remained on the CFRTP increases, and the
air hole is observed on the stainless steel/CFRTP joints with a laser power of 350 and 400 W.
That means that the decomposition of PPS additive occurs during the laser joining, which
indicates the PPS additive is overheated. The excess energy would lead to the molten PPS
flows out of the gap of stainless steel and CFRTP, which decreases the shear strength.
Moreover, the formation of an air hole along interface is also detrimental to the bonding of
the joint.

i

Fig. 7. The morphology of debonding surface of the stainless steel/CFRTP joints with different laser
power after tensile: 290 (a), 320 (b), 350 (c), 380 (d), and 410 W (e).

The statistical analysis on the surface of stainless steel/CFRTP joints with different
power shows that the fusion width of the stainless steel increases with the laser power
increasing and they almost have the linear relationship, as shown in Fig. 8a. Moreover, the
fusion width of the PPS additive also increases with the laser power increasing, but they do
not have the linear relationship, as shown in Fig. 8b. Based on the analysis on the
debonding surface, the PPS additive decomposes at the laser power above 350 W, which
would consume some energy and influence the width of the melted PPS additive [17].
Besides, the analysis on the surface of CFRTP of 410 W specimen reveals that there are
some Cr element, which suggested that the diffusion between the stainless steel and CFRTP
has taken place. Due to the mechanical bonding between PPS additive and stainless steel,
the element diffusion indicates the high temperature of the melted PPS. Combining with the
observation on the debonding surface, it can be concluded that the excessive laser power
could overheat the PPS additive, which results in its spreading and overflowing but
decreases the bonding with the stainless steel.

2.4. Effect of Laser Scanning Speed on the Laser Joining Stainless Steel and
CFRTP. To explore the influence of laser scanning speed on the bonding force of stainless
steel/CFRTP joint, the laser scanning speed is changed from 3 to 7 mm/s, while the laser
power, clamping pressure and thickness of PPS were set as 320 W, 0.5 MPa, and 300 um,
respectively. The shear strength of the stainless steel/CFRTP joints with different laser
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Fig. 8 The fusion width of stainless steel (a) and the PPS additive (b) in the stainless steel/ CFRTP
joint with different laser power.

14 5
114
10
¢ -
.
34
L
3 4 5 L T

Laser scanning speed (mm/s)

Shear strength (MPa)

Fig. 9. The shear strength of the stainless steel/CFRTP joints with different laser scanning speed.

scanning speed is exhibited in Fig. 9. The shear strength of the stainless steel/CFRTP joint
is improved from 7 to 16 MPa when the laser scanning speed increases from 3 to 4 mm/s.
At the laser scanning speed of 5 mm/s, the shear strength of the stainless steel/CFRTP joint
is slightly improved. That indicates the stainless steel/CFRTP joint could obtain the
optimum value if the scanning speed is chosen between 4 and 5 mm/s. With the laser
scanning speed exceeds 5 mm/s, the shear strength of the stainless steel/CFRTP joint
decreases sharply. The laser joined specimen with 7 mm/s almost has no shear strength.
The observations on the debonding surface of the stainless steel/CFRTP joints with
different laser scanning speed are given in Fig. 10. The morphology of the debonding
surface changes with laser scanning speed greatly. At the laser scanning speed of 3 mm/s,
the surfaces of stainless steel and CFRTP both have the residual melted PPS. But the
surface of CFRTP exhibits the overheating feature, which is detrimental to the bonding
effect. When the laser scanning speed increases to 4 and 5 mm/s, there is obvious PPS
residual on the surface of stainless steel and CFRTP, which indicates the bonding force of
PPS additive with CFRTP and stainless steel is good. Therefore, it could be understood the
stainless steel/CFRTP joints at the scanning speed below 5 mm/s are all have relative good
shear strength. However, there are few PPS additive adhered on the surface of stainless
steel or CFRTP in the joint with laser scanning speed of 6 and 7 mm/s. Moreover, the laser
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Fig. 10. The morphology of debonding surface of the stainless steel/CFRTP joint with different laser
scanning speed after tensile: 3 (a), 4 (b), 5 (c), 6 (d), and 7 mm/s (e).

joined specimen with laser scanning speed of 7 mm/s has not melted the PPS thoroughly
and coalesced with the CFRTP, which means that the heat released from the stainless steel
is not high enough.

The statistical analysis of the debonding surface of the stainless steel/CFRTP joints
demonstrates that the fusion width of stainless steel decreases obviously with the increased
laser scanning speed, as shown in Fig. 11. Moreover, the fusion width of stainless steel
almost has the linear relationship with the laser scanning speed. The combination with the
observation of debonding surface, it could be summarized that the fast laser scanning speed
would not provide enough energy to the stainless steel. As the results, the heat transferred
to the surface of CFRTP is limited which can not melt PPS additive. Based on the previous
researches [15, 26], the bonding effect between the stainless steel and CFRTP is mainly
influenced by the bonding interface. Due to the significant difference between the CFRTP
and stainless steel, there would be no atom or molecular binding. The melted PPS could be
mechanically bonded with the stainless steel and molecular bonding with the CFRTP, so the
energy from the laser is essential, which determines the state of the PPS additive.

To investigate the heat transfer during the laser joining, the simulation analysis of the
temperature distribution of the stainless steel/CFRTP joint is carried out. Figure 12 shows
the simulation results with processing parameters of laser power 320 W, scanning speed
5 mm/s and laser beam radius 0.75 mm. The laser processing generates excellent energy
concentration on the surface of stainless steel. Due to the heat transfer, the temperature of
the interface is lower than that of the stainless steel surface. Moreover, the temperature
drops significantly with the position going to the CFRTP. At the interface of stainless steel
and PPS additive, the temperature reaches 560°C that is higher than the melting point of the
PPS additive. Therefore, the heat from the laser scanned stainless steel would melt the PPS
between the stainless steel and CFRTP. However, there are distinct stages between the
stainless steel and CFRTP. The temperature drops sharply in the PPS additive and almost
reaches the melting point of PPS on the surface of CFRTP when the PPS additive is 300 yum.
That indicates the heat would be sufficient enough to melt the PPS matrix and merge it with
the PPS additive. With the position going into the CFRTP, the temperature drops below the
melting point. Moreover, the rapid temperature decreasing also suggests the energy from
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Fig. 12. The temperature distribution along the cross section of the stainless steel/CFRTP joint (a)
and on the surface of the PPS additive (b).

laser should be enough if the PPS additive and PPS in the CFRTP surface needs to be
melted and merged entirely. The simulated result on the PPS additive also exhibits a fusion
region with a width of 2 mm has the temperature above the melting point, which indicates
the PPS additive in such a region would be melted. Such simulated results confirm the
experimental observation above. The bonding effect of the stainless steel/CFRTP is mainly
affected by the laser scanning speed and laser power which determines the absorbed energy.

According to the previous researches [17, 26, 27], the bonding force of the laser
joined CFRTP and metal is mainly determined by the external energy which remelts the
PPS additive and PPS matrix of the CFRTP. Therefore, it can be understood that the
bonding force of the stainless steel/CFRTP joint exhibits parabolic tendency with the
variation of laser scanning speed and power. Because the low scanning speed and high laser
power would result in the excessive energy, which could promote the decomposition of
PPS and the overflow of melted PPS. The decomposition of PPS would release gas and
form the air bubble, which weakens the bonding between the stainless steel and CFRTP.
Moreover, the overflow of PPS also decreases the bonding transition region between the
stainless steel and CFRTP, which is detrimental to the bonding force. However, if the laser
scanning speed is high and the laser power is low, the absorbed heat of the PPS would be

86 ISSN 0556-171X. IIpobnemu miynocmi, 2018, Ne 5



Assessment of the Microstructure and Mechanical Properties ...

insufficient, especially the PPS in CFRTP. As a result, the PPS adjacent to the CFRTP and
PPS in the surface of CFRTP could not be melted thoroughly. Then the merging between
the PPS additive and CFRTP would be significantly weakened. Indeed, the clamping
pressure might generate influence on the joint, because the consistent clamping pressure is
beneficial to the heat transfer, but such an effect should cooperate with the external energy
from laser joining. Whatever, the laser power and scanning speed should be the main
influence factors during laser joining steel and CFRTP.

Conclusions. The CFRTP can be joined with the 316 stainless steel by the fiber laser
but the laser scanning on the stainless steel results in the formation of the HAZ and fusion
zone. In the HAZ, the lathy ferrite precipitates along the boundary, which refines the
austenite; while in the fusion zone, the ferrite forms the skeletal structure and separates the
austenite into a small cellular structure. Compared with the original microstructure of
stainless steel, the laser joining refines the microstructure in the fusion and HAZs. With the
increasing of laser power and scanning speed, the shear strength of the laser joined stainless
steel/CFRTP joint both rises firstly and then declines. The high laser power or low laser
scanning speed would overheat the PPS and lead to the decomposition, but the low laser
power or high laser scanning speed would reduce the transferred heat and lead to the
insufficient fusion of PPS. The stainless steel/CFRTP joint obtains the maximum shear
strength value at the laser power of 320-350 W and laser scanning speed of 4-5 mm/s.
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