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Abstract

The purpose of this study is to develop additive manufacturing fabrication for high-strength punches. After screening the powder mate-
rial and the manufacturing method, a solution possessing excellent mechanical properties was selected for manufacturing. Additive
manufacturing specimens and comparative specimens were fabricated using metal materials while the comparative specimens were pro-
duced with bulk materials in the same grade as the powder materials. The specimens were tested to determine their mechanical properties.
The additive manufacturing specimens were produced through the PBF method for three kinds of die steel powder materials: H13, M300
and KP4. In the experimental section, tests for density, hardness, and toughness were included. SEM and EDS analysis were also used in
this study to analyze and observe the microstructure of the additive manufacturing specimens. Considering the mechanical properties test
and the SEM and EDS results, it was easy to determine that M300 was the most suitable material for high-strength punches. It not only
possesses better mechanical properties, but also a better microstructure than the other two materials. The punch fabricated by the M300
and PBF additive manufacturing methods exhibited good performance in durability testing. In this study, the use of 3D printing technol-
ogy to produce high-strength punches with high-strength die steel powder material has become a reality. In the future, the process pa-
rameters should be optimized and post-processing of punches should be added to obtain additive-manufacturing punches with better

mechanical properties.
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1. Introduction

Nowadays, vehicle lightweight technology ensures that ul-
tra-high strength parts become stronger, which maintains high
safety with only a small amount of materials at a minimized
manufacturing cost [1]. Ultra-high strength steels have played
a leading role in the automotive production and contribution to
vehicle lightweight technology [2]. The key technology for
reducing the weight of vehicles is hot stamping molding tech-
nology. With this technology, the strength of the materials
could be made twice as strong compared to other materials.
The effects of being lightweight would increase by 25 %
through the cooling channel immediately after heating the
sheet material at a constant temperature. Despite the technical
demands and advantages of hot stamping, one disadvantage is
that it is difficult to perform post-processing such as piercing
or trimming parts whose strength were increased after hot
stamping [3-6].

Recently, additive manufacturing has become more and
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more popular around the world and contributes to progress in
mold manufacturing. Researchers are attempting to use differ-
ent metal powders and different manufacturing methods to
improve a mold's mechanical properties and wear-resistance.
Kim et al. provided various characteristics of the products
which were fabricated by DMT (direct metal tooling) with
commercial steel powders such as P20, P21, SUS420, H13,
D2 and other non-ferrous metal powders, aluminum alloys,
titanium alloys, copper alloys, etc. [7, 8]. Shim et al. studied
the effects of processing parameters and the mechanical char-
acteristics that were beneficial in reducing crack susceptibility.
His research produced guidelines for practical hard facing
applications, which use high-strength metal powders and the
DED (direct energy deposition) method to improve the per-
formances of the die and mold in wear resistance and tough-
ness [9, 10]. Pleterski et al. have tested metallographic obser-
vations and sliding wear to confirm that the AISI D2 tool
punches, which were cladded by Type-C pulses and under-
went various laser pulse shapes, preheating, and cryogenic
treatment, were successfully put back into application [11].
Park et al. studied the effects of heat treatment on the tool
steel materials of H13 and D2 by the DED (direct energy
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deposition) method and compared the findings with deposited
tool steel before and after heat treatment by analyzing the
hardness and microstructure [12]. In addition, in the area of
AM (additive manufacturing), new applications and emerging
markets have also been introduced as new processes, new
technologies, and new materials, and increasingly complex
and powerful systems are also emerging in other areas, includ-
ing construction, aerospace, medical, and automotive indus-
tries [13]. Based on previous research and projects, we eluci-
date that the use of 3D printing technology and high-strength
die steel powder could be valuable for producing high-
strength punches to deal with high-strength sheet materials. As
described above, the study of the high strength mold steel
powder has been performed in the field of die strengthening
through partial lamination using the PBF method. With this
method, the use of different metal powders and different addi-
tive manufacturing techniques to improve the mechanical
properties of products has been a popular approach in recent
years. Many powders can be used to help solve the stock man-
agement’s issues of tool materials. Furthermore, there is no
application example in the field of piercing molds by full addi-
tive manufacturing. There are many benefits to punches cre-
ated by additive manufacturing where rapid modeling and
manufacturing is advantageous. The prominent point of the
AM punch is that more complex shapes of punches can be
created. Complex shaped punches can accelerate cooling or
add cooling channels for oil or water inside punches to deal
with high-strength stampings.

In this paper, additive manufacturing (AM) will be studied
to fabricate piercing punches through the PBF method of
metal 3D printing using mold steel powder materials. Additive
manufacturing specimens and punches will be produced by
the PBF (powder bed fusion) method. The mechanical proper-
ties of the specimens from the additive manufacturing will
then be assessed through a hardness test, density test, and
Charpy impact test. Finally, a durability test will be setup to
demonstrate the performance of the additive manufacturing
punches.

2. Experimental procedure

2.1 Powder bed fusion

Nowadays in the additive manufacturing industry, most of
the systems are powder bed fusion types. In this process, a
thin layer of metal powder is deposited on the substrate and
the metal powder is melted using an energy source (laser or
electron beam). After the completion of a layer, the next layer
of new metal powder will be placed on the basis of the previ-
ous layer and the energy source repeats its previous process.
Repeatedly over time, the 3D part will be manufactured on a
metal powder bed, as shown in Fig. 1.

Powder bed fusion (PBF) has both advantages and disad-
vantages compared to another more popular additive manufac-
turing method known as direct metal tooling (DMT). PBF
achieves a relatively accurate degree of freedom shape while

Table 1. Main specifications of MetalSys 250 equipment.

Model

System size

Parameters
850(L) x 1200(W) x 2000(H) mm

20 um or more

Z resolution

Laser beam spot 70 pm
Scan speed Adjustable parameter
Laser power Max: 400 W fiber laser
Print volume 250 x 250 x 325 mm
Material Titanium, M300, SuS, CoCr, H13 Etc.
Operating voltage 220 V A/C 50/60 Hz, 10 A

Control of oxygen concentration

Chamber oxygen control below 0.1 %

Protective gas Nitrogen, argon

Laser _— Scanner System

Gas Jetting System Impuritie{ and heat

N, or Ar Gas :I S

Powder Delive ry

. ™ _ Fabrication
— = T Powder Bed
Fabrication | —
Piston

Fig. 1. Schematic diagram of PBF (powder bed fusion) [14].

the DMT method has a wide range of manufactured products
and various materials that can be used. However, applications
that require high hardness and high precision perforations are
still not adequate enough. When producing high-strength
products, DMT technology products have more or less cracks
at the intersection of the additive manufacturing layer and
substrate. Although researchers have been actively tackling
this problem, there are some research studies in South Korea
that have been testing the use of high-strength mold additive
manufacturing cases. Still, such bottlenecks cannot be handled
perfectly. For our research, we needed a high-strength mold
that could avoid cracking. In our research, power bed fusion
was investigated.

The equipment involved in this study was the MetalSys 250
from Winforsys CO., LTD which was developed by a powder
bed fusion-type 3D metal printer. A laser beam spot was set at
a fixed parameter value of 70 um. The laser powder came
from a fiber laser with a maximum power of 400 W. It can be
applied to the additive manufacturing of multiple materials
like Ti, M300, KP4, etc. A closed work environment affects
the quality of the specimens, allowing the oxygen concentra-
tion to be kept below 0.1 % with the protective gas of Nitro-
gen or Argon. It is the first piece of equipment in Korea with
the features of a compact design and high precision. The main
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specifications of the MetalSys 250 are shown in Table 1.

2.2 Selection of the mold steel powder materials

A combination of toughness and high compressive strength
is required for high-strength sheet materials. In particular, the
selection of high-strength steel mold materials for additive
manufacturing requires hardness greater than 60HRC. The
properties of metal powders are generally classified into
chemical properties, physical properties, and processing prop-
erties.

Chemical properties refer to metal and impurity contents.
Physical properties include the average particle size and parti-
cle size distribution of the powder, true density of the powder,
the shape of the particles, and the microstructure. Process
performance is a comprehensive property which is mainly
embodied in specimens after additive manufacturing. The
strength of a metal material product depends on the chemical
composition of the material. The physical properties are delib-
erately modified according to the physical manufacturing
method.

For material selection, the mechanical properties of the bulk
material are in the basic criteria that resulted in its initial selec-
tion. Bulk material with the same grade as the metal powder
can indirectly reflect the properties of the additive manufactur-
ing products as a reference. Therefore, the selection of metal
powder material should be deliberate. For example, if the ma-
terial to be printed has high strength, high-strength bulk mate-
rials will be of particular concern during the initial selection
process. Similarly, the goal is to create a material with high
strength and high wear resistance in this study. There are
many high-strength bulk materials available on the market.
However, the selectivity of high-strength metal powders re-
mains minimal.

For experimental purposes, researchers choose more spe-
cific materials based on the properties of the target product.
Therefore, we preferred to choose materials with high wear
resistance, high hardness, and less incidences of cracks [15].
Three kinds of H13, M300 and KP4 each with excellent addi-
tive compositions were selected and used in the PBF system.
The SEM images of the powder material required for the addi-
tive punches using the 3DP technique are shown in Fig. 2. The
chemical composition and particle size of the three powder
materials are shown in Table 2. From the figure, we can de-
termine that that three metal powders are circular in shape.
Through the analysis of the additive manufacturing technol-
ogy, different systems match distinct metal powder particle
sizes. The fusion of the powder particles is more favorable
when the particles are more of a round shape. For the PBF
method, the diameter of the metal powder particles is prefera-
bly between 10 um and 60 um. Most of the three metal pow-
der particles are chosen with a diameter between 10 pm and
45 pm, so that the powders are more compatible with the addi-
tive manufacturing equipment and result in better mechanical
properties.

Table 2. Chemical composition and particle size of powder materials.

Powder material H13 KP4 M300
>45um | 2.0% 1.8% 0.8 %
Particlesize | O™ | 9650 95.1% 98.0 %
~45 um
<10pm | 15% 3.1% 13%
Fe Bal. Bal. Bal.
C 026043 | 032045 | 0.01-0.03
Cr - 4.75-5.50 0-0.3
Ni 045 B 17.0-19.0
Chemical Mo 0203 1.10-1.75 | 4552
composition
[Wt. %] Si 0.15-0.35 0812 0-0.1
Mn 0.8-1.15 0212 0-1.0
v i 0812 -
Co 09-2.1 - 859.5
Ti ; i 0.6-0.8

Fig. 2. The SEM images of three kinds of metal powder materials (top
to bottom is H13 KP4 and M300).

2.3 The parameters of the 3D process

Different parameters affect the mechanical properties of the
additive manufacturing products with the same equipment.
The determination of the process parameters has a great influ-
ence on the final result, depending not only on the nature of
the metal powder, but also on the characteristics of the equip-
ment. After a certain number of tests, according to different
material characteristics, appropriate process parameters are
essential for a better additive manufacturing product. In the
process of the additive manufacturing of metal parts, rapid
heating and high laser temperatures can increase the strength
of parts while also potentially causing voids or pores.

In the PBF system, the main reason for defects is the in-
complete melting of the metal powders. Laser power, energy
density, and the scan speed of the laser affects the layer thick-
ness. The surface quality of products is influenced by hatch
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Table 3. The parameters of the 3D process for Metalsys250 model.

Process parameters H13 | KP4 | M300
Sample orientation .
(Horizontal/vertical) Vertical
Si 5.0 5.0 44
Building strategy ize [mm]
Rotation [°] 67 67 67
Laser power [P,W] 330 330 300
Hatch spacing [h, um] 100 100 80
Scanning speed [v, mm/s] 600 630 800
Layer thickness [t, pm] 50 50 50
Energy density [J/mm’] 104.8 104.8 93.8
Soundary \Contour _Illinei Hatch spaing Layer powider bed
Hatch lines o = i “
S /z--""/ Sintared layers
:\\' ) Effective laser beam

s/ °

Laser beam diameter

Layer thickress

Laser beam

Hatch speed

Fig. 3. The conditions of the PBF additive manufacturing process [17].

speed and layer thickness. Mechanical properties are affected
by the combined effects of multiple parameters. Equipment
and additive manufacturing technologies are provided by
WiINFORSYS from Korea. Comparing the influence of differ-
ent parameters on product performance, the company fine-
tunes different parameters and obtains parameters for different
kinds of metal powders [16]. In addition, the finished products
of additive manufacturing specimens depend on various fac-
tors and different process conditions, as shown in Fig. 3. It is
necessary to optimize the process conditions to stack the mate-
rial through multiple repetitions. After duplicated tests and
discussions, three process parameters for the three metal pow-
ders were determined, as shown in Table 3.

2.4 Experiment involving the specimens

In this study, additive manufacturing specimens were pre-
pared for hardness, toughness, and comparative density tests.

In order to evaluate the toughness of the test sample against
fracture, a Charpy impact test was performed at room tem-
perature. The Charpy impact test was setup by the standard of
KS B 0809 (Republic of Korea) [18]. The size of the impact
test specimens is shown in Fig. 4(a) and the real object pic-
tures of the specimens are shown in Fig. 4(b). Impact energy,
impact velocity, and impact angle were set to 30 J, 3.8 m/s,
and 150°. The equipment used for the impact test involved the
Charpy impactor from INSTRON, as shown in Fig. 4(c). Lost
energy could be obtained after tests without specimens. Ab-
sorbed impact energy was the result of the subtraction of the
initial impact value to lost energy. There was a U-Notch on
the impact specimens at a depth of 2 mm according to the
standard.

(b) (d)

Fig. 4. (a) The dimension of the impact test specimen; (b) real object
images; (c) Charpy Impact equipment; (d) HR-521 Rockwell equip-
ment.

Fig. 5. The conditions of density test: (a) Equipment: AND GF-200;
(b) real object images.

The hardness test used the impact test specimens. The
Rockwell hardness tester in C scale used the diamond indenter
following the standard of ASTM E18 - 17el [19]. In the test,
each specimen was tested at least 3 times on three different
surfaces. The hardness indentation test was performed using
HR-521 Rockwell equipment from Akashi, Japan as shown in
Fig. 4(d). The hardness area was measured in the vertical di-
mension and a load of 150 kg was applied to each indentation
for 15 seconds. The hardness value was obtained by calculat-
ing the area of the indentations made on the specimen using a
penetrator.

Due to possible defects of specimens in the additive manu-
facturing process, density was an important indicator. The
density test was performed in the standard of KS D 0033:2011
[20] using the equipment of AND GF-200 as shown in Fig.
5(a). The specimens of the three kinds of materials are shown
in Fig. 5(b). Before the test, the surfaces of the specimens
were derusted. In the density measurement experiment, per-
fect experimental specimens should not produce obvious bub-
bles. For flawed specimens, their surfaces exhibit bubbles.
Therefore, the bubbles on the surface must be eliminated in
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(b)

Fig. 6. Device composition for piercing punch durability test: (a) Cut-
ting machine of sheet material; (b) punching press with piercing punch.

order to achieve more accurate results. It is noteworthy that
test temperatures will affect the results. In the comparative test,
we attempted to complete the experiment in environments at
room temperature.

To observe the microstructure of the specimens, scanning
electron microscopic (SEM) imaging and energy dispersive
spectra (EDS) were performed. SEM images and EDS were
collected using a JEOL-JSM820 microscope. The working
voltage of the device was 15kV with the magnification ad-
justed at 40-1000. After multiple images, the image display
was the clearest when the magnification was 300.

The durability test of the piercing punches manufactured in
this study was applied to a CP1180 sheet material with a ten-
sile strength of 1200 MPa and a sheet thickness of 1.2 mm.
The press mold for the durability test of the piercing punches
was manufactured so that two comparative punches (bulk
material punching: SKD11 and HWS) and one additive manu-
facturing punch were mounted simultaneously for compara-
tive testing.

In order to reduce the durability test time, the sheet material
was automatically fed so that continuous operation could be
performed. The configuration of the device for the piercing
punch durability test is shown in Fig. 6. Analysis of the dura-
bility test was sampled at every predetermined stroke (number
of strokes) to observe the wear state of the punches and the
burr state of the punched holes. The durability test was carried
out with a 4000-ton press in the mold maker, Dado Co., Ltd.

3. Results and analysis

3.1 Mechanical properties of additive manufacturing speci-
mens and comparative specimens

The experimental results and the comparison conditions are
shown in Fig. 7. It includes the density hardness and tough-
ness of the three AM materials and bulk materials. The AM
values show the results of the additive manufacturing speci-
mens, while the bulk values represent the test results of the
equivalent brand materials. Comparing the results of additive
manufacturing with the results of the bulk materials, the me-
chanical properties of the additive manufacturing specimens
demonstrate better quality. In general, it can be seen that there
is a difference in the physical properties of each material even
if the materials have the same grade. The bulk materials were

100
90 BHI3 @M300 OKP4 -
80
70 o
60 o
50 .
40
30
20
10 ‘
AM AM AM
Density [g/cm3]  Hardness [[IRc] = Absorbed impact
energy [J]

Fig. 7. The comparison of experiment result for three materials.

used as a reference value with the same test standard to reduce
the reference error.

In the results of the density test, if there is no comparison
value, the density results of additive manufacturing can only
be regarded as physical performance. However, it becomes
useful to analyze the density of the additive manufacturing
specimens after adding the reference value. The reference
value can be considered as a relatively tight specimen with no
bubbles or cracks in the bulk material that differs from the
additive manufacturing specimens. The relative density of the
additive manufacturing specimens is the ratio of the AM value
to the reference value. This relative density is known as one of
the criteria for determining additive properties. Among them,
M300 is the best in tightness at 98.61 % compared to 96.17 %
and 92.0 % of KP4 and H13, respectively. This shows that
bubbles and cracks seldomly occur in the manufacturing proc-
ess of AM-M300. The porosity of AM-M300 is low. It can
also be seen from other test results that the mechanical proper-
ties of AM-M300 are the closest to the bulk material.

The ability to resist other more rigid metal materials press-
ing into the surface of the object is referred to as hardness. In
the hardness test, the additive manufacturing material of M300
was 40.0HRC. Compared to the same grade of metal, it was
the only metal with a hardness value greater than the reference
hardness value among the three materials. Both KP4 and H13
exhibited insufficient hardness. If the hardness of the metal
material is low, the strength will be poor. In our project, if the
powder metal is applied in high-strength stampings, the choice
of high hardness of the material is essential. Therefore, M300
showed the best hardness index among the three materials.

Impact load can test the toughness of metal materials. Im-
pact tests are sensitive to material defects and can sensitively
reflect macro defects, minor changes in microstructure, and
material quality. The Charpy impact test is a good indicator of
crack propagation values and impact resistance. For additive
manufacturing materials, defects may be caused by interlayer
space, uneven layer thickness, etc. The presence of voids or
unmelted metal powder particles in the specimens can de-
crease the toughness of the material. In the result from the
impact test, M300 demonstrated a value of 89.1 J. This value
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Fig. 8. SEM image and EDS analysis of additive specimen: (a) M300;
(b) H13; (c) KP4; (d) EDS of M300.

far exceeds the reference value of 39.0 J. In contrast to the
other two materials, H13 was particularly weak during the

impact test while KP4 exhibited general impact characteristics.

Summarizing the results of the tests, M300 exhibited the high-
est mechanical properties in hardness and toughness.

3.2 SEM and EDS results

The structure of the additive specimens was analyzed by
SEM imaging and EDS, as shown in Fig. 8. The KP4 image
and H13 image show different degrees of defects. There was a
noticeable amount of un-melted metal powder on the surface
and more than one powder metal particle can be seen. The
presence of the defect is the reason for the high porosity and
low relative density. It can be confirmed that in the interior of
the specimen, many voids from powders did not completely
melt were present. These defects directly affect the mechani-
cal properties of the specimen. This is also the reason why the
quality of M300 is relatively good. Only a small number of
defects were found on the M300 surface. The results of SEM
verify the superiority of its mechanical properties.

In the EDS analysis, the contents of carbon were found to
be higher than those of other components as shown in Table 4.
With the increase of carbon content, the amount of ferrite is
relatively reduced while the amount of cementite is relatively
increased. Changes in the carbon content of the material
causes changes in its organization. Change in organization
will inevitably lead to changes in the mechanical properties.
Ferrite exhibits low hardness and good toughness, while ce-
mentite demonstrates high hardness and brittleness. Therefore,
as the carbon content increases, the amount of cementite also
increases which results in increased hardness of the material
with a decrease in plasticity and toughness.

As shown in the EDS analysis, it can be seen that the carbon
content is too high. As a result, the additive manufacturing

Table 4. The EDS comment result and powder material chemical com-
position of M300.

Element EDS comment Chemical composition
(Wt, %) (Wt, %)

C 7.38 0.01-0.03
Si 0.44 0-0.1
Ti 0.43 0.6-0.8
v 0.42 -
Cr 222 0-0.3
Fe 67.31 Bal.
Co 5.87 8.5-9.5
Ni 11.61 17.0-19.0
Mo 431 4.5-52
Mn - 0-1.0

Totals 100.00 100.00

(a) (b)

Fig. 9. Additive punch fabricated by the 3DP full-additive method: (a)
Before post process; (b) after post process.

specimens did not achieve the desired state of fabrication.
Compared to the other two materials, M300 demonstrated
good mechanical properties with minimal defects. The im-
provement of the 3DP additive properties can be achieved not
only through process variables, but also by controlling exter-
nal environment variables.

3.3 Fabrication of the additive manufacturing punch

M300 was finally selected as the metal powder material for
manufacturing punches after analysis of its mechanical prop-
erties. The full-additive manufacturing punches were fabri-
cated from M300 powder materials and the PBF 3D printing
method. In the manufacturing process, the CAD model of the
punch is first drawn according to the standard using Material-
ise Magic. The punch after additive manufacturing is exposed
to heat treatment for post-processing to achieve the standard
for application. Heat treatment can severely affect hardness,
wear performance, and toughness of the material. After heat
treatment, steel with bainite structure exhibits the best impact
strength, but wear resistance increases for steel with a lower
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Fig. 10. Punch size specification.

@

Fig. 11. Punch condition after punching test: (a) Additive punch of
M300 powder material; (b) comparative punch of SKD11 solid mate-
rial; (¢) comparative punch of HWS solid material.

(b)

bainite structure [21, 22]. Additive manufacturing punches are
shown in Fig. 9(a) and the post-processed punches are dis-
played in Fig. 9(b).

AM M300 punches undergo post-processing during the
production of the punches. The procedure consists of cutting
the punches from the substrate and treating the surface. For
the comparative punches, the grades are SKD11 and HWS
with the surface quality complying with the standards. Surface
heat treatment is a metal heat treatment process that changes
the mechanical properties of the surface by heating and cool-
ing the steel surface. The technology of heat treatment is from
ROVALMA [23]. The dimensions and surface quality of the
three punches are shown in Fig. 10.

3.4 Durability test of the additive manufacturing punch

The durability test was carried out up to approximately
10000 strokes. The test sheet and punch were sampled and
observed. The sampled sheet and punch after the durability test
are shown in the Figs. 11 and 12. From the photos, no breakage
occurred during the entire punch test. Slight wear was observed
in the additive manufacturing punch showing that the additive
manufacturing punch was weaker in strength and abrasion
resistance compared to the other punches. In the observation of
the test specimen holes, burrs did not form at the edge of the
holes in either the comparative punches or the additive manu-
facturing punch. However, the rollover zone was larger in the
additive manufacturing punch hole compared to the compara-
tive punch hole. This seemed to be caused by the sharp edge of
the hole due to the wear of the punch blade portion.

4. Conclusions

In this paper, we used 3DP technology to pre-manufacture

(2) (b) (©)

Fig. 12. Sheet specimen condition after punching test with additive and
comparative punch: (a) Holes shape by additive punch; (b) and (c)
holes shape by comparative punch.

specimens and additive manufacturing samples to determine
the possibility of using high-strength die steel powder materi-
als. In addition, comparative samples of the same grade were
prepared and tested to compare the mechanical properties with
the additive manufacturing samples. Mechanical properties,
SEM and EDS analysis of the additive manufacturing speci-
mens were used to select the additive punch powder materials.
It was confirmed that the high strength additive punch could
be manufactured through 3DP technology with high strength
metal mold powder materials in this study to obtain the fol-
lowing results:

(1) M300 exhibited the best stacking density compared to
H13 and KP4, demonstrating the best hardness index among
the three materials. For the impact test, M300 exhibited a
toughness of 89.1 J. This value far exceeded the reference
value, which was 39.0 J. In summary of the three test results,
M300 displayed the highest mechanical properties in hardness
and toughness.

(2) M300 had fewer defects in smaller areas compared to
H13 and KP4. According to the EDS results, the additive
manufacturing specimens did not achieve the desired state of
fabrication. Compared to the other two materials, M300 dem-
onstrated good mechanical properties and minimal defects.

(3) During the durability test, the M300 punch exhibited the
same performance as the SKD-11 and HWS. The additive
manufacturing punches were not damaged until 10000 stamp-
ings to meet the high practical requirements.

As shown in this study, the possibility of producing a high
strength punch mold required for the field of piercing punches
through pure additive manufacturing is confirmed by using 3D
printing technology and metal mold powder. However, many
studies are expected to be performed in the future. It is neces-
sary to study the optimization of the process conditions and
the improvement of the mechanical strength via post-
processing heat treatment. To improve the additive manufac-
turing properties of high-carbon alloy steels such as mold steel
powder, it is necessary to study the pre-heating of the additive
manufacturing base and the environmental conditions. It is
also necessary to study the improved strength of the mold by



816 R. Li et al. / Journal of Mechanical Science and Technology 33 (2) (2019) 809~817

applying a material that demonstrates good toughness to the
body part of the punch mold between different materials and
applying a material that exhibits excellent hardness.
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