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Abstract

In this paper, Al1Si10Mg alloy powder is selected as the forming powder of Selective laser melting technology, and the
AlSi10Mg alloy SLM curved surface sample is constructed by setting the internal and external layering parameters. In view
of the relatively rough surface roughness of SLM technology molded parts, this paper selects the magnetic finishing technol-
ogy with higher flexibility characteristics to perform surface finishing and finishing on the formed curved surface samples.
Explore the feasibility of magnetic finishing technology on the finishing of SLM shaped curved parts, and test and analyze
the surface roughness, surface hardness and hydrophobicity of the finishing permanent magnet tools and the curved surface
samples before and after finishing. Finally, it was found that the use of a 75° trapezoidal slotted permanent magnet finishing
tool to absorb spherical A1203 magnetic abrasives for flexible finishing of AISi10Mg alloy SLM shaped curved surface
samples can achieve better finishing results. In this paper, the orthogonal experiment method is used to optimize the finishing
experiment. It is found that the finishing parameters of the spindle speed is 1800 r/min, the feed rate is 5 mm/min, the gap is
2 mm, and the abrasive consumption is 7 g to form the AlSi10Mg alloy SLM. The surface roughness Ra=0.279 pm can be
obtained by magnetic finishing of the curved sample, and the surface morphology of the sample has been greatly improved.
At the same time, it is found that the magnetic finishing technology improves the surface roughness of the A1Si10Mg alloy
SLM forming surface sample, while it does not change the surface hardness of the sample, but it can significantly improve
the hydrophobicity of the sample surface.

Keywords Magnetic abrasive finishing (MAF) - Selective laser melting (SLM) - AlISi10Mg alloy curved surface - 75°
trapezoidal slotted magnetic pole - Surface quality

1 Introduction magnetically conductive abrasive on the surface of the work-

piece for finishing [3]. With high flexibility, it has unique

Selective laser melting, (SLM) technology is based on
laser and powder additive manufacturing technology. The
advantage of this technology is the manufacture of complex
curved parts. The obvious disadvantage is that the surface
roughness of the formed parts is relatively rough [1, 2].
The reason is that this technology forms the parts through
a layer-by-layer powder laser melting process. Therefore, it
is particularly important to smoothly polish the surface of
the formed part. Magnetic abrasive finishing technology is
currently more advanced precision finishing technology. It
is a finishing method that uses magnetic field force to press
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advantages in finishing curved workpieces.

At the same time, magnetic shear thickening finishing/
polishing is also an important processing technology that
uses magnetic field force to grind workpieces. The paper
[4, 5] has a more in-depth study on the finishing mechanism
and finishing technology of difficult-to-machine materials
such as Ti-6Al-4 V.

In this paper, the magnetic finishing technology is used
to apply its inherent advantages of flexible finishing to the
finishing of the surface of the curved surface sample of the
SLM forming part. At the same time, the finishing experi-
ence of the paper [6] is used to analyze the surface quality
of the workpiece after finishing. The main research contents
include: double-layer parameter optimization printing set-
tings for AISi10Mg alloy SLM formed curved surface sam-
ples; design of spherical 75° trapezoidal grooved permanent
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magnet pole finishing tools that can be used for magnetic fin-
ishing of curved surface samples; selection of rapid-setting
atomization method The prepared spherical A1203 magnetic
abrasive was used for MAF smoothing orthogonal optimiza-
tion finishing of SLM shaped curved surface samples, and
the best finishing parameters for this type of material were
optimized, and the surface roughness, surface morphol-
ogy and surface of the samples before and after finishing
were optimized. The hardness and hydrophobic properties
were tested and analyzed, and it was finally found that MAF
is suitable for surface finishing and finishing of complex
curved parts formed by SLM.

2 Experimental

2.1 Double-layer optimized printing of AlSi10Mg
alloy SLM forming curved surface samples

In this paper, AlSil0Mg alloy powder with a particle size
range of 23-25 pm provided by Solutions group is used for
SLM forming. The SEM and EDS pictures of the powder are
shown in Fig. 1, and the powder element composition table
is shown in Table 1.

The SLM®125HL selective laser melting forming equip-
ment of German SLM Solutions 3D printing company is
used to form AlSi10Mg alloy powder for SLM forming. The
forming model refers to the aero engine blade structure for
modeling [7-9]. The finished product is shown in Fig. 2e,
d. As shown, the forming parameters of the sample are set
in layers inside and outside. As shown in Table 2, the outer
scanning parameters can increase the surface hardness of
the sample while ensuring a low surface roughness, and the
internal scanning parameters can improve the compactness
of the sample [2].

Figure 2b, c shows the on-site diagram of the finishing
sample forming, and the physical diagram of the sample is
shown in Fig. 3. Wire EDM is used to separate the sample
from the substrate, and then the sample is supported by an
ultrasonic cleaner because the magnetic finishing technology

Fig.1 SEM and EDS images
of AlSi10Mg alloy powder. a
SEM, b EDS
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Table 1 AlSi10Mg alloy powder element composition table

Element Weight % Atomic % Net Int

Mg 1.10 1.30 46.25
Al 88.78 89.22 3648.12
Si 10.12 9.48 155.64

selected in this article is high-precision finishing , the origi-
nal shape of the forming needs to be retained. In order to
ensure the accuracy of the later test results, it is selected
to retain the residual support sintering point of the sample.

2.2 Detection and analysis of the original
morphology of the AlSi10Mg alloy SLM forming
surface sample

The surface roughness and surface morphology of the
AlSi10Mg alloy SLM curved sample were detected and
analyzed by a metallurgical microscope and a white light
interferometer. The detection results are shown in Fig. 4. The
surface of the unground sample is rough due to the particu-
larity of its forming technology, Ra=2.12 pm. In addition,
due to uneven powder spreading, unbalanced laser density
and laser power during forming, unmelted or overmelted
AlSi10Mg powder will inevitably exist in the molten pool of
the sample. After ultrasonic cleaning, the unmelted powder
leaves holes on the surface of the sample, while the over-
melted powder will form hemispherical protrusions, and
the two combine to form a ravine and vertical microscopic
surface morphology.

Vickers hardness tester is used to test the surface hard-
ness of the AlSil10Mg alloy SLM curved surface sample.
As shown in Fig. 5, the hardness measurement pressure is
F=4.9 N. After pressing it for 15 s, the test diamond appears
as shown in Fig. 5c. The original surface hardness of the
piece is 126.7HVO0.5.

In this paper, a contact angle measuring instrument
(OCAI15EQC) is used to test the deionized water contact
angle of the AlISil10Mg alloy SLM surface sample as
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Fig.2 AlSi10Mg alloy SLM forming surface sample. a SLM®125HL forming machine, b, ¢ forming site diagram, d, e sample finished product

Table2 AlSil10Mg alloy SLM

. Parameters Laser power Scanning speed thickness  Scanning interval Spot size Scanning way
forming parameter table of the
layer
The outer layer 250 W 2200 mm/s 75 um 100 pum 80 um 67°
The inner layer 250 W 1650 mm/s 95 pm 100 um 80 um 67°

Fig.3 Physical image of
AlSil0Mg alloy SLM forming
curved surface sample. a Front
view, b top view, ¢ bottom view,
d rear view

shown in Fig. 6, and the inspection result is shown in 2.3 Design of permanent magnet finishing device

Fig. 6¢. Therefore, deionized water is divided by a stepped for magnetic finishing of AlSi10Mg alloy SLM
structure and crisscrossed surfaces and cannot exist in the shaped surface samples

form of large droplets. The contact angle of deionized

water is 1.6°, which has strong hydrophilicity. Magnetic finishing surface parts need to increase the
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Fig.4 Surface morphology of
AlSi10Mg alloy SLM curved
sample. a Surface roughness Ra
peak-valley diagram, b metallo-
graphic diagram, c three-dimen-
sional topography diagram

Fig.5 Vickers hardness test of
AlSi10Mg alloy SLM curved
sample. a Site map, b sample
inspection, c test result

finishing gap to ensure flexible finishing characteristics, so it
is necessary to improve the abrasive adsorption performance
of the magnetic pole. Through the paper [3], it is found that
the magnetic field strength and magnetic field gradient
in the magnetic pole processing area are the main factors
affecting the finishing effect, so these two factors need to be
considered comprehensively in the magnetic pole design.
At present, the method of increasing the magnetization of
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permanent magnetic poles is mainly to slot the finishing
surface [10, 11]. Before slotting, the overall size of the fin-
ishing magnetic pole needs to be calculated to ensure that
the machining gap is 0 ~2.5 mm to provide more than 1 T
Magnetic field force.

Figure 7 shows a schematic diagram of the magnetic pole
finishing of the magnetic finishing ball head. The material for
the finishing magnetic pole selected in this study is a rare earth
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Fig. 6 Hydrophobicity detection
of AlSi10Mg alloy SLM curved
sample. a Site map, b sample
inspection, ¢ test result

Rotary magnetic pole
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Fig.7 Schematic diagram of magnetic pole finishing of magnetic fin-
ishing ball head

Table 3 Rare earth sintered permanent magnet materials

Remanence Magnetic Coercivity  Density p(g/ Operating

B.(T) energy He(kA/m) m? temperature
product Te('C)
(BH), 0 (KJ/
m

1.1~1.2 260~280 > 860 7.45 <80

sintered permanent magnet material, and the parameter per-
formance is shown in Table 3.

L =1L % > M)
o £ Ho HC(BH)max

B H
S £ < )
#0223 14, \| B.(BH)

re=

max

According to the principle of magnetic flux continuity
and the Ampere’s loop theorem [12], (1) and (2) are derived,
where Lt and rt represent the height and radius of the spheri-
cal magnetic pole shown in Fig. 7, according to the rare
earths shown in Table 2. The performance parameters of the
sintered permanent magnet material are finally calculated as
Lt=13 mm and rt=12.5 mm.

According to the above dimensions, in order to explore
the influence of different slot shapes on the magnetic field
strength of the finishing magnetic poles, this paper designs
a total of 6 types of slot simulation models with different
shapes, as shown in Fig. 8, and the angularity of the vari-
ous magnetic pole slots is 30° The angle span is decreasing,
and 180° is a non-grooving shape. The main parameter set-
ting of the simulation is to use the magnetic field and the
steady-state three-dimensional physical field without cur-
rent for simulation calculation. The excitation source selects
the magnetic field applied by the permanent magnet in the
axial direction. The values of residual magnetic induction
and coercivity are respectively Br=1 T and Hc=860 k A/m.

The relationship curve in Fig. 9 shows that the magnetic
field strength is inversely proportional to the edge angle of
the magnetic pole slot. The smaller the angle, the higher
the magnetic field strength. When the angle reaches 30°,
the magnetic field strength reaches 1.4 T. But at the same
time, it can be found from Fig. 8 that the areas with higher
magnetic field strength are mainly concentrated at the sharp
points, which are not suitable for the design requirements
of magnetic abrasive tools. However, according to the rela-
tionship between the magnetic field strength and the slotted
edge angle, this experiment designed a 75° trapezoidal slot-
ted magnetic pole with a higher magnetic field strength and
a larger distribution area. Including 75° trapezoidal slotted
magnetic poles on cylindrical surface and 75°trapezoidal
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Fig.8 Cloud map of magnetic field strength simulation results
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Fig. 9 Relationship curve between magnetic field strength and slotted
corner

slotted poles on spherical surface. The ratio of L:H is 2:1.
The design dimensions and simulation results are shown in
Fig. 10 and Fig. 11.

Through the simulation results shown in Fig. 10a—c and
Fig. 11a—c, it can be seen that the magnetic field strength of
the slotted surface of the two types of 75° trapezoidal slot-
ted magnetic poles can reach 1.2 T, The area with higher
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magnetic field strength is larger. At the same time, com-
paring the simulation results of the slotted magnetic poles
with the simulation results of the unslotted raw material in
Fig. 10d—f and Fig. 11d{, it is found that the magnetic field
lines in the 75° trapezoidal slotted magnetic pole processing
area are more The concentration of the magnetic field gradi-
ent is more obvious at the corners of the groove. The reason
is that the irregular surface morphology after the groove
changes the distribution of the magnetic lines of force, which
improves the magnetic field gradient of the finishing area.

Figures 10g and 11g show the actual figure of the ground
magnetic pole obtained by compacting the NdFeB rare earth
material for high-temperature sintering, magnetizing 1 T
longitudinally, and ensuring that the magnetic field strength
of the blank surface is not less than 0.95 T according to the
design size. Figures 10i and 11i are the effect diagrams of
the magnetic poles adsorbing the magnetic abrasive. It can
be seen that the magnetic abrasive is evenly distributed on
the boss along the edge of the slot.

In order to test the magnetic field strength of the actual
magnetic poles, a surface magnetic tester is selected to detect
the magnetic field strength of the magnetic pole surface.
Figure 12 shows the detection scene. Since the magnetic
finishing gap is maximum 2.5 mm, the detection interval is
3 mm. The test results are shown in Fig. 13. The inspection
position is the entire slotted surface of the slotted magnetic
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(g) L

Fig. 10 Various parameters of spherical 75° trapezoidal slotted magnetic pole. a, b, d, e Cloud map of magnetic field strength, ¢, f cloud map of
magnetic field lines, g dimensional diagram, h physical map, i abrasive adsorption effect map

pole. After the inspection table rotates 360°, the probe will
detect the magnetic field distribution value of the entire area
and generate a distribution map of the inspection result. The
zero position of the probe is the position where the magnetic
probe touches the surface of the magnetic pole, and the lift-
ing interval is 0.5 mm, and the maximum detection distance
is 3 mm. It can be seen that the designed two types of mag-
netic poles can reach more than 1.1 T within the range of
3 mm, which can meet the requirements of flexible process-
ing of magnetic finishing.

2.4 Finishing test and processing of magnetic
abrasive AlSi10Mg alloy SLM forming surface
sample

In this paper, the spherical magnetic abrasive prepared by
the atomization quick-setting method [3] is used. The abra-
sive phase is A1203 ceramic material, and the size of the

abrasive phase is W7. Figure 14 is the scanning electron
microscope image of the spherical A1203 magnetic abrasive.
It can be seen that the iron matrix and the abrasive grain
phase has good wettability, and the abrasive grain phase can
be firmly adhered to the iron matrix. At the same time, the
abrasive sphericity is high, which is conducive to free flow
during finishing, thereby ensuring flexible finishing [13, 14].

Multiple papers verified [15—17] that there are three types
of finishing states in magnetic finishing, namely, split plow,
rolling shear and air running, as shown in Table 3. When
the finishing gap is large, the air running phenomenon will
appear, as shown in Table 4 (3). When the finishing gap
cannot enable the abrasive to be processed flexibly dur-
ing the finishing process, the tipping plough state shown
in Table 4 (1) will appear. Only when the finishing gap is
suitable can the rolling shear soft finishing state appear as
shown in Table 4 (2).
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Fig. 11 The parameters of the cylindrical 75° trapezoidal slotted magnetic pole. a, b, d, e Cloud map of magnetic field strength, ¢, f cloud map
of magnetic field lines, g dimensional diagram, h physical map, i abrasive adsorption effect map

The sample to be polished in this experiment should not
only select a suitable finishing gap, but also consider the sur-
face characteristics of the sample. Therefore, it is designed to
use cylindrical 75° trapezoidal slotted magnetic poles with
higher magnetic field strength to adsorb magnetic abrasives
for the initial finishing of the workpiece, and set a higher
finishing gap to avoid the interference of the surface fea-
tures of the sample, so as to remove the bulk of the surface
of the sample. The crusted part left by sintering completely
AlSi10Mg alloy. Then, the spherical 75° slotted magnetic
pole is used to absorb the magnetic abrasive, and the innate
advantage that the magnetic pole does not interfere with the
curved sample is used to carry out the perfect lamination
and finishing of the sample. The schematic diagram of the
finishing is shown in Figs. 15 and 16.
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At the same time, this experiment uses a 3-level 4-factor
orthogonal test table to carry out 27 sets of finishing experi-
ments. Each group includes two parts: initial finishing and
re-finishing, and empirically optimized finishing for impor-
tant finishing parameters such as Spindle speed, Feed rate,
gap and Abrasive consumption. Figure 17 is a diagram of the
finishing site, and Table 5 is a table of finishing parameters.
In the magnetic finishing process, due to the large size of
the magnetic pole and the irregular shape of the workpiece,
the numerical control points of the finishing track of the
machine tool can be processed by the computer-aided soft-
ware Mastercam. The centering of the tool can be set using
a universal edge finder, as shown in Fig. 17e. The X1, X2,
Y1, Y2, and Z0 coordinate positions of the workpiece are
detected by the probe of the universal edge finder to real-
ize the establishment of the workpiece coordinate system.
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Fig. 12 75° Trapezoidal slotted
permanent magnet pole mag-
netic field strength detection.

a Spherical magnetic pole, b
Cylindrical magnetic pole
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Fig. 13 The magnetic field strength of a 75° trapezoidal slotted pole
surface varies with distance

Fig. 14 SEM image of spherical
Al203 magnetic abrasive

Because the tool diameter is large, the initial position of the
finishing tool can be offset by one radius from the tool in
the positive direction of the X axis as the starting position.

Table 6 is a summary table of the finishing effect, tak-
ing into account the interaction between various factors,
the results of the three sets of interaction tests between
(AXB), (AXC) and (B X C). By analyzing the orthogonal
test table, the best combination of finishing parameters can
be calculated, which are s1, f3, h2 and g2, and the corre-
sponding finishing parameter values are 1800 r/min, 5 mm/
min, 2 mm and 7 g. The range distribution of each factor is
A>B>D>C.Itcan be seen from Fig. 18 that the influence
ratio of the amount of abrasive is greater than the influence
ratio of the finishing gap. For the magnetic finishing of the
AlSi10Mg alloy SLM surface, the finishing state is affected.
The primary factor is the amount of abrasive filling, too
much abrasive filling will affect the flexibility characteristics
of magnetic finishing.
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Table 4 Abrasive movement state classification table

Number Abrasive finishing movement diagram Classification
1) v Slash plough
Abrasive i '
) N ‘*y/'/ / / ‘ . /
\ \\‘\[\.r\.‘\“ AN DAY ‘L\/. N "\ / ) .
RN i A f Artifact
W
2) . \ Rolling cut
Abrasive
lF
Artifact
® Abrasive v Empty run
: F
\Y Artifact
Fig. 15 Schematic diagram of
the initial finishing of a sample (a)

using a cylindrical 75° trap- . /
ezoidal slotted magnetic pole. a Splndle
Schematic diagram of finishin,

o £ Sleeve —

path, b finishing site diagram

mmm Path forward

=== Back path

Pole magnet

Abrasive zone

Indexing table

3 Results
3.1 Surface roughness detection and analysis
The best finishing parameters calculated by the orthogonal

test method are used to magnetically grind the AISi10Mg
alloy SLM shaped curved surface sample. During the
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finishing process, a white light interferometer is used to
detect the surface roughness of the sample, and multiple
areas are tested each time, and the average value is taken.
At the same time, an electronic balance is used to count
the material removal of the sample. Finally, the change
curve shown in Fig. 19 is drawn. In the Fig, 0—6 min is the
initial finishing roughness change curve using cylindrical
75° trapezoidal slotted magnetic poles, and 6—16 min is the
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Fig. 16 Schematic diagram of
re-finishing the sample using
spherical 75° trapezoidal slotted
magnetic poles. a Schematic
diagram of finishing path, b
finishing site diagram

(a)
Spindle

/

Sleeve

__— Prototype

=== Path forward
m== Back path

Pole magnet
Abrasive zone

Indexing table

Fig. 17 Magnetic finishing scene of AlSi10Mg alloy SLM forming surface sample. a Site map, b initial finishing, ¢ re-grind, d schematic dia-

gram of knife setting
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Table 5 3 Distribution table of 3-level 4 factor orthogonal test

roughness change curve using spherical 75° trapezoidal

slotted magnetic poles for re-finishing.

The detection area selected in this article is any area of
the sample with 1cm? When the feed rate of the optimal fin-
ishing parameter is determined to be 5 mm/min, then accord-

Level Spindle speed Feed rate Gap Abrasive
consump-
tion

A(s) B(f) C(h) D(g)

1800 r/min 12 mm/min 2.5 mm 10g

1500 r/min 8 mm/min 2 mm 7g
3 1200 r/min 5 mm/min 1.5 mm 35¢g

ing to the rough finishing path generated by the Mastercam

auxiliary software, the actual effective finishing track length
can be calculated as 170 mm, the calculated rough finishing

Table 6 Summary table of
magnetic finishing effects of
AlSil0Mg alloy SLM formed
curved surface samples

@ Springer

time is 34 min. Through the integral calculation of the sur-

face area of one side of the curved sample, it can be known
that the finishing area of the sample is 2216.92 mm?, so the
single rough finishing time corresponding to the sample area
with the detection unit of 1 cm? is 2 min. In the same way,

Orthogonal interactive test table

Number A B AXB C AxC BxC D Ra/pm
1 sl f1 sl fl hl sl hl f1 hl gl 0.302
2 sl f1 s1fl h2 s2 h2 f2 h2 g2 0.312
3 sl f1 s1fl h3 s3h3 f3h3 g3 0.355
4 sl 2 s212 hl sl hl f2 h3 g3 0.368
5 sl 2 s212 h2 s2 h2 f3 hl gl 0.362
6 sl 2 s2f2 h3 s3 h3 f1 h2 g2 0.336
7 sl f3 s3 13 hl sl hl f3 h2 g2 0.282
8 sl f3 s3 13 h2 s2 h2 f1 h3 g3 0.291
9 sl f3 s3 13 h3 s3 h3 f2 hl gl 0.282
10 s2 f1 s2 13 h1l s2 h3 f1 hl g2 0.459
11 s2 f1 s2f3 h2 s3hl f2 h2 23 0.428
12 s2 f1 s2 13 h3 sl h2 f3 h3 gl 0.413
13 s2 2 s3 f1 hl s2h3 f2 h3 gl 0.411
14 s2 2 s3 f1 h2 s3 hl f3 hl g2 0.396
15 s2 2 s3 f1 h3 sl h2 f1 h2 g3 0.403
16 s2 3 sl 2 hl s2 h3 f3 h2 g3 0.413
17 s2 3 sl f2 h2 s3 hl f1 h3 gl 0.408
18 s2 3 sl f2 h3 sl h2 f2 hl g2 0.399
19 s3 f1 s3 12 hl s3h2 f1 hl g3 0.486
20 s3 f1 s3 12 h2 sl h3 f2 h2 gl 0.452
21 s3 f1 s3 12 h3 s2 hl f3 h3 g2 0.467
22 s3 2 sl 3 hl s3 h2 2 h3 g2 0.428
23 s3 2 sl 3 h2 sl h3 f3 hl 23 0.426
24 s3 2 sl 3 h3 s2 hl f1 h2 gl 0.482
25 s3 3 s2 fl hl s3 h2 f3 h2 gl 0.472
26 s3 3 s2 fl h2 sl h3 f1 h3 g2 0.433
27 s3 3 s2 fl h3 s2 hl f2 hl 23 0.466
I 2887 3.674  3.5253.55 3.618 3.4753.596  3.6003.578  3.584

II 3.73 3.612  3.7373.691 3508 3.6633.566 3.5463.577  3.509

111 4112  3.443 34673488 3.603 3.5913.567 3.5833.574 3.636

Ki 3 3 3 3 3 3 3

I/k1 0962 1224 1.1751.183  1.206  1.158 1.198 1.2001.193  1.194

k2 1.243 1204 12451230 1.169  1.2211.188 1.1821.192  1.169

111/k3 1.370  1.147 1.1551.162  1.201 1.197 1.189  1.194 1.191 1.212

W= 0281  0.077  0.0900.068 0.037 0.0630.010 0.0180.002  0.043
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Fig. 18 The relationship between the level of various factors and the
surface roughness of the sample
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Fig.19 The surface roughness of the sample and the material
removal curve with time

the length of the finishing track for fine finishing is 551 mm,
so the single fine finishing time corresponding to the sample
area with the detection unit of 1 cm? is 5 min.

It can be seen from Fig. 19 that the surface roughness of
the sample surface decreases with the increase of process-
ing time during the finishing process. Within 0—6 min of
finishing, the sharp point effect is obvious, from the origi-
nal roughness Ra=2.12 pm to Ra=0.296 pm, reflecting
the adaptive advantage of magnetic finishing in surface
finishing. As the processing time increases, the surface
roughness appears to slowly decrease. When the cumula-
tive time reaches 11 min, the surface roughness decreases
to Ra=0.280 pm. When the finishing time reaches 16 min,
the surface roughness reaches the minimum Ra=0.279 pm
status.

After finishing, the surface of the sample is polished and
polished by the magnetic abrasive to polish and flatten the
vertical and horizontal micro morphology of the surface of
the sample. As shown in Fig. 20b, c, the surface morphology
has been greatly improved. Figure 21 shows the changes in
the surface effect of the sample before and after the magnetic
finishing. It is finally proved that using the 75° trapezoidal
slotted magnetic pole to adsorb the AI203 spherical abra-
sive to the AISi10Mg alloy SLM shaped curved surface can
achieve a better finishing effect. This method can quickly
reduce the surface roughness of the sample, and improve the
surface morphology of the sample.

3.2 Analysis of Vickers hardness test of finishing
surface

In order to detect the influence of magnetic finishing tech-
nology on the surface hardness of AlSi10Mg alloy SLM
forming curved surface samples, the FM-800 microhardness
tester was used to detect the surface hardness changes of the
samples during the finishing process, as shown in Fig. 22.
It can be seen that during the finishing process, the surface
hardness of the sample always fluctuates with 126.7HV0.5
as the baseline, and its floating range is + SHVO0.5, which
is within a reasonable detection error. It can be seen that
while the magnetic finishing technology improves the sur-
face roughness of the AlSi10Mg alloy SLM forming curved
surface sample, it does not change the surface hardness of
the sample.

3.3 Surface hydrophobicity detection and analysis

In this paper, a contact angle measuring instrument
(OCAI15EC) is used to measure the contact angle of the
sample with deionized water before and after finishing to
determine the changes in the hydrophilic and hydrophobic-
ity of the sample surface before and after finishing [18],
as shown in Fig. 23, the results found that after finishing
AlSi10Mg alloy SLM forming surface has obvious changes
in affinity. The superhydrophilic surface (8 =1.6°) before
finishing is shown in Fig. 23a, c, and it becomes hydrophilic
surface (8 =61.3°) after finishing.), as shown in Fig. 23b, d.
Because the surface of the sample is polished to obtain
a better surface quality, deionized water can adhere to the
surface of the sample in the form of a larger droplet, and the
surface performance of the sample changes from a super-
hydrophilic surface to a hydrophilic surface. It can be seen
that the surface roughness of the AlSil10Mg alloy SLM
shaped surface sample is improved after magnetic finish-
ing, and the hydrophobicity of the surface has also changed
from a super-hydrophilic surface to a hydrophilic surface.
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Fig. 20 Surface topography of wson 2 (0m) (emction file not seved
the sample after finishing. a ,,,,,(
Surface roughness Ra peak-val-
ley diagram, b metallographic
diagram, ¢ three-dimensional
topography diagram
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Fig.23 Comparison of hydro-
philicity and hydrophobicity of
sample before and after finish-
ing. a, ¢ Before finishing, b, d
after finishing

(a) (b)

4 Conclusion

1. Through simulation analysis and physical inspection, it
is found that the 75° trapezoidal slotted permanent mag-
net finishing tool can be suitable for the finishing needs
of AlSi10Mg alloy SLM shaped curved surface samples,
and the surface magnetic field strength can reach 1.1 T
or more within 3 mm of the finishing area.

2. According to the orthogonal test table, the AISi10Mg
alloy SLM shaped curved surface samples were opti-
mized and ground using different process routes. Finally,
it was found that the surface roughness can be obtained
when the finishing parameters are 1800 r/min, 5 mm/
min, 2 mm and 7 g. The degree of Ra=0.279 pm in the
best state, and the surface morphology of the sample has
been greatly improved.

3. While the magnetic finishing technology improves the
surface roughness of the AlSi10Mg alloy SLM form-
ing surface sample, it does not change the surface hard-
ness of the sample. But it can significantly improve the
hydrophobicity of the sample surface.
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