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Abstract: In the manufacturing process of precision micro parts, burrs generated in cutting
and grinding processes cause various problems. Shot blasting was used in the deburring
technology of cutting and grinding burr in the process of manufacturing hypodermic
needles for the human body. However, we found that a secondary burr facing the inside
occurs on the chin part of the needle during the blasting process. The existence of burrs
on a hypodermic needle also causes several problems. We developed a new deburring
method by using a vibration magnetic abrasive machining process. Our experimental
results validated the effectiveness of the magnetic deburring method.
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1. Introduction

In the manufacturing process of precision micro parts, burrs generated during the
cutting and grinding processes cause various problems. The deburring of the inner surface
of elongated pipes relies on manual work. Conventional deburring tools are applied to the
outer surface of parts, but challenges exist in using them for the inner surface of parts or in
pipes. Thus, the development of new internal surface deburring methods is necessary.

In the manufacturing process for hypodermic needles for human use, traditional
technologies such as electrolytic polishing and shot blasting are used to remove burrs
generated during the cutting and grinding processes. However, while shot blasting can
deburr the needle’s tip, the process also generates a new, inward-facing secondary burr on
the chin part of the needle. This secondary burr causes various problems so there is a high
demand for the development of new precision deburring technologies.

The magnetic abrasive finishing process is a new process that removes materials.
This process is used for the precision finishing of tube interiors, the mirror finishing of
planar workpieces, and the precision edge finishing of the workpiece with complex curved
shapes. The plane magnetic abrasive finishing process [1-12] creates a flexible magnetic
brush between the magnetic pole and the workpiece to realize a precision finish on the
workpiece surface.

Therefore, we developed a high-efficiency, high-precision magnetic deburring method
for the inner surfaces of pipes and flat surfaces [13-15]. This newly developed magnetic
deburring method adopted a high-frequency vibration magnetic brush to remove the
inward-facing secondary burr generated on the chin part of hypodermic needles by shot
blasting. This method enables the production of high-quality hypodermic needles.
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2. Processing Principle

Figure 1 shows a schematic diagram of the processing principle. A magnetic pole unit
consists of N and S magnets arranged in opposite directions (180°). These magnets are
connected by a magnetic yoke made of ferromagnetic material to enhance the magnetic
field between the poles. When mixed magnetic particles are supplied between the magnetic
poles, they become magnetized in the magnetic field and form a particle brush along
the magnetic lines of force. Since the magnetic particle brush behaves flexibly, when a
hypodermic needle (Kaneko MediX, Inc., Tochigi, Japan) is inserted into the brush, the
particle brush is separated along the inner and outer surfaces of the needle. The individual
magnetic particles, magnetized by the magnetic field, exert a magnetic force that presses
against the workpiece. When a high-frequency, unidirectional vibrational motion is applied
to the workpiece, relative motion occurs between the workpiece and the magnetic abrasive
particles due to the vibration and magnetic holding force, enabling precise deburring.

High-frequency
vibration

Hypodermic needle™" |

Figure 1. Schematic diagram of processing principle.

Figure 2 shows the force analysis of the magnetic particles in the magnetic field. A
magnetic particle along the magnetic equipotential line direction generates a force F, while
a force F, is generated along the magnetic force line direction using, expressable as the
following (1) [1-3]:

Fr =kVxH(dH/0x)
Fy = kVxH(oH/dy) (1)

F=,/F*+F?

where V is the volume of magnetic particles, x is the susceptibility of abrasive particles,
is the permeability of the vacuum, H is the magnetic field intensity, and dH /dx and 0H /dy
are gradients of magnetic field intensity in x and y directions, respectively.

Magnetic force line Magnetic equipotential line

Figure 2. Force analysis of magnetic particles in magnetic field.

The magnetic force acts on each particle of the mixed magnetic abrasive, and the
strength of this force depends on the volume of the magnetic abrasive grains and the
distance between the magnetic poles.



Eng. Proc. 2025, 92,19

30f8

3. Experimental Setup and Method
3.1. Experimental Setup

Figure 3 shows an external view of the experimental setup and an enlarged photo
of the processing area. N and S magnets (Nd-Fe-B, 18 x 12 x 10 mm) were attached to a
yoke (made of SS400 steel) with opposing poles on the top and bottom, and magnetic poles
(S5400) were attached to the ends. By connecting the small vibrator to a power amplifier, the
vibration frequency is freely changed between 0 and 100 Hz. The small vibrator used was
the EMIC 511-A. As shown in the figure, the magnetic field was strengthened by connecting
the magnetic poles to a magnetic yoke to form a closed magnetic circuit. The gap between
the magnetic poles was freely adjusted to adjust the gap between the magnetic poles.
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Figure 3. External view of experiment setup and expanding photos.

3.2. Method

The workpiece used in this experiment was a human hypodermic needle (SUS304)
with an outer diameter of 2.4 mm, an inner diameter of 2.15 mm, and a total length of 72 mm.
Deburring experiments were performed under certain conditions. After the deburring
experiment, the workpiece was cleaned with an ultrasonic cleaner. After cleaning, the jaws
of the needle were cut using a wire electric discharge machine so that the inner surface
was observed. The workpiece was observed and evaluated using a scanning electron
microscope (SEM).

4. Magnetic Conditions and Results

In this study, experiments were conducted under various experimental conditions
to examine the feasibility and processing characteristics effects of the magnetic deburring
method proposed in this study.

4.1. Effect of Type and Size of Mixed Magnetic Particles
4.1.1. Conditions and Method
The mixed magnetic abrasive particles were placed between the magnetic poles to

form a magnetic brush. The workpiece, a hypodermic needle with an outer diameter of
2.4 mm, an inner diameter of 2.15 mm, and a length of 72 mm (SUS304), was fixed to a
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vibrator when vibrating. The experimental conditions are shown in Table 1. The magnetic
pole spacing was set to 4 mm, the vibration frequency to 70 Hz, and the vibration amplitude
to 1.5 mm. After machining, the workpiece was cleaned in an ultrasonic cleaner and cut
using a wire electric discharge machine so that the inner surface of the jaw of the needle
could be observed using a scanning electron microscope.

Table 1. Experimental Conditions using Mixed Magnetic Particles.

Parameters Specifications
Workpiece SUS304 stainless steel needle (2.4 x 2.15 x 72 mm)
Nd-Fe-B rare earth permanent magnet (18 x 12 x 10 mm)
SS400 gtainless steel

POle /I \ 1\ <
" ! L ]
e Lo
Pole distance 4 mm
Vibration Frequency: 70 Hz; Amplitude: 1.5 mm

Type 1: iron particles (330 um) 1.6 g, KMX (80 um) 0.4 g
Mixed magnetic particles Type 2: iron particles (149 um) 1.6 g, KMX (20 um) 04 g
Type 3: iron particles (80 um) 1.6 g, KMX (5 um) 0.4 g
Machining Fluid Water-soluble grinding fluid (SCP-23): 0.12 mL

Finishing time 10 min, 30 min

4.1.2. Results and Discussion

In the experiment using Type 1 mixed magnetic abrasive, clear scratches were observed
on the outer surface of the injection needle after 10 min of testing. Therefore, the Type 1
experiment was stopped after 10 min.

Figure 4 shows the experimental results for Type 2 and Type 3 with mixed magnetic
abrasive grains for a machining time of 30 min. When mixed magnetic abrasive Types 2
and 3 were used, almost no scratches were observed on the outer surface of the needle
after 10 min of processing, but the burr removal was insufficient. The results of the
30-min deburring experiment revealed that the burr was completely removed. However,
observation revealed scratches on the outer surface of the needle. The results showed that
the outer surface of the injection needle was damaged when large-sized magnetic particles
were used as they generated a strong magnetic force to remove burrs from injection needles.
Therefore, it is necessary to select the size of the magnetic particles appropriately.
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(a) Before deburring (b) After deburring (type 2) (c) After deburring (type 3)

Figure 4. SEM photographs before and after deburring (30 min).
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4.2. Machining Characteristics with KMX Magnetic Abrasive Grains

An experiment was conducted using only magnetic abrasive KMX (80 pm) to examine
the effect on machining characteristics.

In the experiment, 2.0 g of KMX (80 pm) mixed with 0.12 mL of water-soluble abrasive
liquid was used as a magnetic brush and machining was performed for 10 min. Other
experimental conditions were the same as in the previous experiment. The experimental
results are shown in Figure 5.

30kV 100x 180rm 2151 e1-11-2012

30kV  108x 100rm 2164 AI'H-I‘-!Q|2

Figure 5. SEM photographs before and after deburring (10 min).

Burrs on the jaw of the injection needle were removed as shown in Figure 5. In
addition, there were no irregularities when machining was performed for 10 min with
mixed magnetic abrasive type 1, and there were no scratches on the outer surface of the
injection needle.

4.3. Effect of Vibration Frequency
4.3.1. Conditions and Method

Table 2 shows the experimental conditions. A deburring experiment was carried out
on a SUS304 stainless steel human hypodermic needle with an inner diameter of 2.4 mm
and an outer diameter of 2.15 mm, using mixed magnetic abrasive particles consisting of
electrolytic iron powder (149 pm), KMX (80 um), and 0.12 mL of water-soluble abrasive
liquid. The workpiece vibration frequency was set to 90 and 100 Hz, and the jaw of the
hypodermic needle was observed using SEM after processing. The hypodermic needle
before processing was observed and measured in the same way. The processing time was
set to 45 and 60 s, and processing experiments were carried out for each.

Table 2. Experimental Condition using Vibration Frequency.

Parameters Specifications
Workpiece SUS304 stainless steel needle (J2.4 x 2.15 x 72 mm)
Nd-Fe-B rare earth permanent magnet (18 x 12 x 10 mm)
55400 gtainless steel

)

Pole T7\ 4
P s I
Pole distance 4 mm
Vibration Frequency: 90 Hz, 100 Hz; Amplitude: 1.5 mm
Mixed magnetic particles Iron particles (149 um) 0.3 g, KMX (80 pm) 1.7 g
Machining Fluid Water-soluble grinding fluid (SCP-23): 0.12 mL

Finishing time 455,60 s
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4.3.2. Results and Discussion

In the experiment, the jaw part was observed from the front with the hypodermic
needle lying down (SEM image (I)), and the inside of the jaw part was observed with
the needle standing with the tip facing straight up (SEM image (II)). The SEM image
before processing is shown in Figure 6. There were burrs on the jaw part of the tip of the
injection needle. Figure 7 shows an SEM image after machining. Burrs were sufficiently
removed in machining times of 45 and 60 s when the workpiece vibration frequency was
90 Hz. Regarding the machining marks on the jaw cross-section, it was confirmed that they
remained after 45-s machining, but were completely removed after 60-s machining.

Burrs

206V 18@% 1B0sm 2788  @1-28-2014

@1-20-2014

{ 2ok Wbe:  1Bowm 2778 % 26KV @z 1BGrm 2780  @1-20-2014

(a) After deburring (45s) (b) After deburring (60 s)

Figure 7. SEM image after deburring (workpiece vibration frequency 90 Hz).

Figure 8 shows an SEM image after machining. When machining with a workpiece
vibration frequency of 100 Hz, burrs were sufficiently removed by machining for both
45 and 60 s, just as in the case of 90 Hz. In particular, with machining for 45 s; although fine
irregularities remained on the inside of the jaw, the machining marks on the cross-section
of the jaw were completely removed. Machining for 60 s removed burrs on the outside and
inside of the jaw and removed machining marks on the cross-section.
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(a) After deburring (45s) (b) After deburring (60 s)

Figure 8. SEM image after deburring (workpiece vibration frequency 100 Hz).
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