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Abstract  In this paper, describe the fabrication of high strength punch molds that can be
applied to ultra-high strength sheet materials after processing. A method for improving the
strength of the punching die by additive manufacturing (AM) of a high strength powder material 
using a metal 3D printer was proposed. Furthermore, a semi-additive technique was proposed 
to increase the punch strength through partial AM of specific parts of the punch that require
high strength. A preprocessing process for predicting the semi-additive shape for the punch 
function portion is proposed for application of the AM technology of a metal 3D printer to this
semi-additive technique. The preprocessing for determining the semi-additive shape consists of 
the predicting step of the punch strength based on the shear process of the sheet material,
analyzing step the stress distribution of the punch, defining step the semi-additive range, 
designing step the semi-additive shape, and verifying step the additive interface strength.
Based on this simulation, the range of shapes for the semi-additive was 1.21 mm and 2.62 mm 
for sheet material CP1180 and 1.3 mm and 3.2 mm for sheet material 22MnB5. The shape and
range determined in the simulation process defines a semi-additive area (volume) for the 3D 
printing AM technique using a high-strength powder material, and a semi-additive punch was 
manufactured according to the defined area. The semi-additive punch (HWS powder material) 
fabricated in this study was performed a durability test for validity verification in the piercing 
process of high-strength sheet material (CR980). This validation test compared the state of the
punch after 1000 piercing processes with a typical cold piercing punch (SKD11 solid material).
From this test, the feasibility of the semi-additive punch was confirmed by showing a similar 
state of scratches and abrasion from the two punches. The simulation analysis processor for
the additive shape and the additive range prediction for the semi-additive punch manufacturing 
presented in this paper can be useful for the additive manufacture of cutting and trimming
punch mold.  

 
1. Introduction   

The automotive sector is in need of lighter and stronger materials. One technical approach is 
hot stamping molding; though technically preferred, there are difficulties in post-processing 
(piercing or trimming process), cost, time and space of this technique because the post-
processing is mostly performed by a laser process. Many efforts have been made to convert 
these laser processes into press processes at the production site. However, a press process 
that requires a strengthened post-processing mold has not yet been achieved due to technical 
limitations. The transition from the laser process to the press process to improve the hot stamp-
ing. must be accompanied by a more advanced mold strengthening technology. The parts with 
increased strength due to the hot stamping can easily damage the mold due to strong reaction 
forces, thus reducing the surface quality and dimensional accuracy of the product and reducing  
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the life of the mold [1, 2]. Damage of the shear punch mold in 
the press process can include chipping, cracking, gross frac-
ture, and galling. Such damage is caused by mismatch of the 
hardness, toughness, and abrasion resistance of the mold 
material. A method for heat treatment and nitriding the surface 
of a punch mold and then performing a surface treatment 
(coating) or a heat treatment to generate another surface layer 
element is usually used to solve such problems. Surface treat-
ments are not a fundamental solution because deeper coatings 
require a higher cost, and deep, strong heat treatments in-
crease the probability of chipping. Although mold strengthening 
technologies include a variety of classical techniques, recently, 
studies in the mold strengthening field introduced the metal 3D 
printing technology [3-5]. Many studies have investigated metal 
mold manufacturing and mold strengthening using in a cold 
press forming process with the metal 3D printing direct energy 
deposition (DED) technology. Furthermore, studies using high-
alloy tool steel powders have used surface hardening to im-
prove high-strength molds and mold performance [6-9]. High-
speed steels (in high-alloy tool steels) are some of the most 
interesting tool steels because the various alloying elements 
(Mo, V, W, etc.) in the material enhance the hardness and 
wear resistance. However, high speed tool steel has the ad-
vantage of having excellent performance but is vulnerable to 
brittle cracking because of its high carbon content. Many re-
searchers have attempted various studies to overcome the 
weakness of brittle cracks in the additive manufacturing (AM) 
process. Nevertheless, there is still no report of technically 
perfect parts made by full-additive manufacturing with high-
alloy tool steels. 

In this study, a semi-additive manufacture technique was 
proposed for the AM of only the part requiring high strength to 
minimize the AM range (additive thickness and volume capac-
ity) as a method to compensate for the weak points (brittle 
crack) of using metal 3D printing AM technology in the mold 
field. In this study, the punch strength prediction simulation and 
stress distribution analysis of the sheet material piercing proc-
ess were performed to apply the semi-AM technique [10]. A 
study was conducted to select a semi-AM range from the 
stress distribution of the punches [11]. Additionally, the semi-
additive shape was designed [12] according to the predicted 
semi-AM range, and verification analysis of the designed semi-
additive shape and interface portion of the punch body was 
performed [13]. The effectiveness of the semi-AM technique 
simulation was verified through the fabrication and durability 
testing of the piercing additive punch based on the additive 
shape and additive range selected from the simulation results.  

 
2. Punch strength prediction processor 

and mechanical properties of the mate-
rials  

This study was performed to predict the punch strength re-
quired for shearing (piercing) of high strength CP1180 
(1200 MPa) and 22MnB5 (1500 MPa) parts. Additionally, this 

study was designed to identify the stress distribution that con-
centrates on the punches and to use it for partial AM (semi-
additive) by 3D printing. In other words, the method predicts the 
width and depth of the punch where the stress is concentrated, 
selects the punch shape range that actually affects the shear 
action of the punch, and partially increases the punch strength. 
An analytical simulation for predicting the punch strength was 
performed based on the high strength sheet piercing process 
variables. The conditions and ranges for the piercing process 
analysis were selected based on previous research on the 
shear mechanism and process analysis of sheet materials. The 
simulation processor for the punch strength required for the 
high-strength parts piercing process introduced in this study is 
shown in Fig. 1. The tensile strength of the sheet material for 
this process analysis was selected as a material with a 1200 
MPa (CP1180: Complex Phase Steel) and 1500 MPa (22MnB5: 
Boron Steel). The thickness of the sheet material was 1.2 mm. 
The punch materials were the cold work material SKD11 (sub-
strate material), high wear resistance steel (HWS, additive ma-
terial), and M4 (additive material), which is a high-speed tool 
steel. The mechanical properties of the punch and sheet mate-
rials for this process analysis were selected from the literature 
analysis and the mechanical property test, as shown in Table 1. 
In general, the mechanical properties of the material differ de-
pending on the source, indicating the material must be tested 
and simulated simultaneously for accurate analysis. The simula-
tion software for the piercing process analysis used the  

Table 1. Mechanical properties of the sheet and punch materials for analy-
sis simulation (S: Sheet, P: Punch). 
 

Material CP1180(S) 22MnB5(S) SKD11(P) HWS(P) M4(P) 

YM (GPa) 210.0 212.0 207.0 198.0 214.0 
YS (MPa) 951.51 1010.0 - 2303.0 - 

TS (MPa) 1241.99 1500.0 2181.0 2715.0 - 

PR - - 0.29 0.298 0.3 

CDV 1.1(cold) 2.28(hot) 
0.48(cold) - - - 

Ref. [16-18] [19-24] Experiment Experiment MatWeb

 
 

 
Fig. 1. Simulation processor for punch strength prediction: (a) interpolation 
of flow stress data [14]; (b) calculation of the critical damage value [15]. 
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DEFORM 2D code, which implements the processes of shear-
ing and propagating the material geometrically such that it is 
similar to a real-world scenario. As an implementation method 
for the shearing process, when the fracture critical value at 
which the fracture occurs in the material is reached, the ele-
ments of the sheared portion are deleted. This requires knowing 
the number of erasure elements required for visual processing 
and the ductile fracture value at which shear (fracture) occurs, 
which is a characteristic of the material. To realize a precise 
shearing mechanism close to the actual mechanisms, it is nec-
essary to generate a dense mesh in the shear portion, and a 
high level of software expertise is required. Previous studies 
have shown that these values (number of erasure elements, 
ductile fracture value, mesh density) are difficult to generalize 
depending on the material and are determined by experimental 
values and repeated analytical values. Therefore, optimization 
of these values requires a process of finding the value by com-
paring the experimental and simulation values based on the 
target material and repeating the analysis [15]. 

However, in the present study, the fracture critical value 
(critical damage value) for the high-strength sheet materials 
was selected from Refs. [25, 26]. The fracture thresholds 
based on the ductile failure theory (Cockcroft and Latham) for 
sheet materials CP1180 and 22MnB5 were 1.1 (cold work) and 
0.48 (cold work)/2.28 (hot work), respectively. In addition, the 
DEFORM code uses plastic flow data as the basis of the simu-
lation, so that the flow stress curve data for the target sheet 
material are necessary. The flow stress data can be collected 
from a variety of sources, but are provided only as a reference, 
so material testing is essential to obtain data for specific ap-
plication fields. In addition, to apply this test data to the simu-
lation, the s-s curve data from the test must be compensated 
[14]. In this paper, the flow stress curves for sheet materials 
were analyzed and selected from Refs. [16, 25, 26]. The Hol-
lomon models of the flow stress data curves for the selected 
sheet materials CP1180 and 22MnB5 were 0.071605.σ ε=  
and σ =  0.1032178.2.ε , respectively and the data curves are 
shown in Fig. 2. 

3. Main parameters for piercing process 
analysis 

A two-dimensional plane strain model was used for the pierc-
ing process analysis and the conceptual parameter schematic 
are shown in Fig. 3. The process parameters affecting the re-
sults of the piercing analysis are sheet material thickness, 
punch diameter, punch corner radius, holder diameter, die 
diameter, stripper force, punch speed, friction coefficient, and 
punch and die clearance. The clearance between punch and 
die is the main process parameter. Industry long experience in 
clearance between punch and die suggests that 5 % of the 
sheet material side thickness is standard. However, the clear-
ance is determined by the thickness of the sheet material, the  

tensile strength, the material type and the requirements of a 
specific operation. In this study, the process parameters were 
analyzed and selected from literature based on the shear 
analysis of high-strength sheet materials [16, 27]. The clear-
ance for the high-strength sheet material CP1180 is 10-18 % 
the sheet thickness, a punch speed of 50 mm/sec, and a 
punch corner radius of 0.005-0.03 mm. 

The optimum process parameters required for the punch 
strength prediction simulation were selected from the results of 
this piercing process analysis, as summarized in Table 2. In 
addition, based on the simulation analysis processor and se-
lected piercing process parameters presented in this study, the 
prediction simulation of the punch strength required for the 
piercing shearing process of the high strength CP1180 and 
22MnB5 sheet material was performed. 

 
4. Prediction simulation for the punch 

strength and semi-additive range 
The analytical model for the punch strength prediction simu-

lation is shown in Fig. 4. Fig. 4(a) shows a two-dimensional 
plane strain model for punch strength prediction simulation, 
and Fig. 4(b) represents the elastic (punch) and plastic (sheet)  

 
Fig. 2. Flow stress curve of sheet material CP1180 and 22MnB5. 

 

 
Fig. 3. Main parameters and conceptual schematic for the piercing process 
analysis. 
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bodies at which deformation occurs in the analysis process. Fig. 
4(c) shows the finite element model for analysis and Fig. 4(d) is 
the CAD model showing the three-dimensional representation 
of the 2D analysis model. 

The state of the progress step in the punch strength pre-
diction simulation is shown in Fig. 5. Figs. 5(a) and (b) are 2D 
finite analytical models showing the generation of dense ele-
ments (meshes) in regions where the shear phenomenon of 
the sheet material and the occurrence of concentrated stress in 
the punches are expected. The generation of dense elements 
(meshes) in these areas of interest can have more accurate 
analysis results and analysis (shear mechanism) phenomena. 
Fig. 5(c) shows a state in which shearing begins in the sheet 
material, while Fig. 5(d) shows a state in which shearing is 

completed. Based on the punch strength analysis, the AM 
range (shape and size or area and volume) is determined by 
analyzing the maximum stress distribution of the punch. 

 
4.1 Punch die clearance and punch stress  

An analytical method and the simulation results of the punch 
strength predictions are shown in Fig. 6 and Table 3, respec-
tively. The punch strength prediction simulation was performed 
according to the clearance between the punch and die, and the 
radius of the punch blade edge. Fig. 6(a) shows the maximum 
stress distribution in the blade of the punch, and Fig. 6(b) shows 
a state in which a large stress is generated on the side surface 
of the punch in the shearing process. Fig. 6(c) shows the punch 
load change according to the punch stroke, and Fig. 6(d) shows 
the contour line of the stress distribution when the maximum 
stress occurs in the punch. Table 3 summarizes the depth ( Ld ) 
and height ( Lh ) of the punch shape based on the contour line 
(Fig. 6(d)) of the stress distribution when the maximum stress 
occurs in the punch. A graph of the maximum stress and stress 
distribution range from the simulation result data of the punch 
strength prediction for the high-strength sheet material 
(CP1180) is shown in Fig. 7. Figs. 7(a) and (b) show the clear-
ance of the punch and die, and the depth and height of the 
punch shape based on the punch corner radius, respectively. 
Figs. 7(c) and (d) show the clearance of the punch and die, and 
the maximum stress and maximum stress generating stroke 
based on the punch corner radius, respectively. In the piercing 
process, the maximum stress and shape range of the concen-
trated stress acting on the punch was independent of the punch 
corner radius and punch die clearance. However, the stroke (S) 
where the maximum stress occurs was greatly affected by the 
punch corner radius (R) (S = 0.096 mm when R = 0.01 mm, S = 
0.2394 mm when R = 0.02 mm).  

The average maximum stress acting on the punches in the 
piercing process of the high strength sheet material CP1180 

Table 2. Process parameters for the prediction simulation of punch 
strength. 
 

Parameter  Value  

Material CP1180 / 22MnB5 

Thickness ‘ t ’  1.2 mm  
Flow stress curve 

data (MPa) 

0.071605.=σ ε   
0.1032178.2.=σ ε   

Sheet 
material  

Fracture critical value 1.1(cold) / 2.28(hot), 0.48(cold)  

Punch diameter ‘ pd ’  10.0 mm  

Punch corner radius ‘ pr ’  0.01-0.02 mm  

Stripper diameter ‘ bd ’  10.06 mm  

Die diameter ‘ dd ’  10.12 mm ( +pd s ) 

Die corner radius ‘ dr  ’  0.01-0.02 mm  

Stripper pressure (‘ bf ’/area)  Various conditions MPa  

Punch and die material  SKD11 / HWS / M4 

Punch velocity ‘ pV  ’  50 mm/sec 

Coefficient of friction  0.12 shear friction  

Punch & die clearance ‘S’ 0.005-0.24 mm (2 %t-20 %t) 

 

       (a)              (b)             (c)               (d) 
 
Fig. 4. An analysis model for the prediction simulation of the punch 
strength. 

 

 
Fig. 5. The state of each progress step in the punch strength prediction 
simulation. 
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was 2256 MPa, and the depth and height of the punches with 
intensive stress were 1.21 mm and 2.625 mm, respectively.  

 
4.2 Punch speed and punch stress   

This simulation was carried out to observe the punch 
strength according to the punch speed, punch material and 
sheet material. Fig. 8(a) shows the punch stress based on the 
punch material and sheet material, and Fig. 8(b) shows the 
punch stress distribution based on the punch speed for punch 
material HWS and sheet material 22MnB5. Fig. 8(c) shows the 
stress of the punch according to the sheet material, and Fig. 
8(d) shows the range of the stress distribution acting on the 
punch when the sheet material is 22MnB5. As shown in Fig. 
8(a), the punch stress was barely influenced by the punch ma-
terials (HWS, M4, D2) and was dominantly affected by the 
sheet material (CP1180, 22MnB5). Additionally, the critical 
damage value (CDV) was not influenced in the punch stress 
but affected the shearing time point of the sheet material. As 
shown in Fig. 8(b), the unstable change in stress values at the 
time point when the punch stress drops sharply (Step 185-225) 
is a phenomenon that occurs in the shearing process. The 
irregularities of the remeshing time point in the software, and 
the difference in the mesh density that changes in every re-
meshing steps acts as an instability factor of the shear. There-
fore, it is not necessary to give a specific meaning to this phe-
nomenon. In addition, the phenomenon in which the punch 
stress sharply increased, partially in the shearing process, is 
that the sheared sheet material is pressed by the minute region 
of the punch side. This causes the side surface of the punch to 
wear and scratch in the actual piercing process. As shown in 
Fig. 8(c), the punch speed (50-400 mm/sec) in the piercing 
process did not appear to affect the change of the punch stress. 
The punching speed does not affect the punch stress signifi-
cantly if the punching speed is not very slow and the speed is  

                   (a)                                (b)  
 

3
.2

1.3

                   (c)                               (d) 
 
Fig. 8. The punch strength simulation according to the punch speed, punch 
materials and sheet materials. 

 

Table 3. Simulation results for the punch strength predictions. 
 

Punch concentration stress distribution 

Depth ( dL ) [mm] Height ( hL ) [mm] 
Punch maximum 

stress [MPa] 
Punch & die 
clearance 
(t × [%]) R = 0.01 R = 0.02 R = 0.01 R = 0.02 R = 0.01 R = 0.02

2 % 1.05 1.25 2.55 2.65 2270 2200

3 % 1.30 1.45 2.65 2.95 2210 2130

5 % 1.00 1.25 2.65 2.65 2230 2260
7 % 1.20 1.25 2.50 2.75 2290 2220

8 % 1.25 1.15 2.75 2.55 2240 2330

10 % 1.25 1.05 2.70 2.50 2230 2300
13 % 1.25 1.25 2.65 2.65 2270 2250

17 % 1.30 1.10 2.60 2.45 2240 2380

20 % 1.25 1.10 2.65 2.40 2220 2340
Average 1.21 1.21 2.63 2.62 2244 2268

 
 

 
Fig. 6. Analytical method of the simulation results for punch strength predic-
tion. 

 

 
Fig. 7. Maximum stress and stress distribution based on the simulation 
result data. 
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faster than a certain level (50 mm/sec). Fig. 8(d) shows the 
distribution contours of the punch stress generated in the shear 
process for the 22MnB5 sheet material, and the depth and 
width of the stress acting were analyzed as 1.3 mm and 3.2 
mm, respectively. At this time, the maximum stress of the 
punch was 3267 MPa. The range of the semi-AM shapes can 
be determined from the punch stress distribution according to 
the punch and die clearance, and the punch speed and the 
punch stress distribution according to the sheet material. 
Based on this simulation, the range of shapes for the semi-
additive was 1.21 mm and 2.62 mm for sheet material CP1180 
and 1.3 mm and 3.2 mm for sheet material 22MnB5.  

 
5. Semi-additive shape design  

An analytical simulation was performed to predict the punch 
strength distribution required for the piercing process for high-
strength sheet materials. Then, the stress contours appearing 
along the punch strength distribution were analyzed to meas-
ure the depth ( )Ld ) and height ( )Lh ) of the punch shape 
range. From the measured punch shape range, a semi-additive 
area was defined, and, the shape of the punch blade portion 
for the semi-additive was designed as shown in Fig. 9. Fig. 9(a) 
shows an example of a piercing punch body shape for a semi-
AM, and Fig. 9(b) shows the dimensional definition of a punch 
blade shape. Fig. 9(c) shows variously designed semi-additive 
shapes of the punch blade portion. 

The friction coefficients generated at the interface between 
the punch body material and semi-additive material as a pre-
liminary simulation for the strength analysis of each semi-
additive shape were derived through trial and error. This was 
also used to analyze the characteristics of the simulation soft-
ware and verify the characteristics of the analysis software in 
advance of the analysis of the semi-additive shapes. The inter-
face boundary conditions for this analysis software are classi-
fied into shear (sticking), coulomb (sliding), hybrid, and tau 
frictions. Here, the shear and coulomb friction conditions pro-
vide information on the separation and slip at the bond inter-
face boundary in the analysis process, and tau friction condi-
tions provide shear stress information at the bond interface. In 
addition, a hybrid friction condition means that the shear and 
coulomb conditions are applied at the same time, which can 
simultaneously observe the state of the separation and slip at 
the bond interface boundary. Therefore, this analysis was per-
formed to determine the friction type and friction coefficient to 
be used as a reference. This analysis method is proposed 
based on the fact that the change of stick, slip, separation, and 
other factors occur at the interface of the heterogeneous mate-
rials depending on the friction conditions that affect the damage 
value of shear materials. This method was applied to observe 
the bond strength at the deposited interface between the punch 
body and powder material. Some of the simulation results per-
formed according to the method (friction type and friction coef-
ficient) presented above are shown in Fig. 10, determining the 
characteristics of the simulation software. Fig. 10(a) shows a 

comparison of the fracture damage values based on the size of 
the hybrid friction condition, and Fig. 10(b) shows values ac-
cording to the kinds of friction conditions. Descriptions of this 
simulation are omitted because we could not find a significant 
trend based on the software due to variations in the friction 
coefficient in shear friction, coulomb friction, and tau friction 
conditions. As shown in Fig. 10(a), an important finding here is 
that the change in the value of damage caused by the adjust-
ment of the friction coefficient tends to be significant in the hy-
brid friction conditions compared to other friction conditions. In 
addition, the magnitude of the friction coefficient presented as a 
condition is conceptually different from the friction coefficient 
applied as a condition in a general molding operation, and is an 
exceptional value found by trial and error. As shown in Fig. 
10(b), the fracture damage values according to the frictional 
conditions show a similar tendency in all conditions except the 
tau condition. However, only the hybrid friction condition shows 
a clear difference when the magnitude of the friction coefficient 
is 1.0 and 5.0. Specifically, the hybrid friction condition means 
that the boundary condition can be controlled at the joint sur-
face according to the user's definition. Therefore, the frictional 
condition of the process analysis for the simulation finding the 
best shape in the semi-additive shape to strengthen the blade 
portion of the piercing punch was selected to be 5.0 for the 
hybrid-type friction coefficient (shear and coulomb). 

 
6. Semi-additive shape simulation and re-

sults 
The simulation analysis for the selection of the semi-additive 

shape was performed based on the friction conditions of the 

         (a)             (b)                      (c)  
 
Fig. 9. Designed punch blade shape and shape range for the semi-AM. 

 

5.0

Stick

1.0

Hybrid

                    (a)                               (b)  
 
Fig. 10. Comparison of fracture damage for various kinds of contact surface 
friction conditions: fracture damage of the (a) hybrid friction condition; (b) 
various kinds of friction. 
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heterogeneous material interface obtained through the piercing 
process analysis condition and software characteristics analy-
sis mentioned above. The simulation model of the semi-
additive shape is shown in Fig. 11. Fig. 11(a) shows the simu-
lation analysis model and the contact condition between the 
interface boundary for the semi-additive shape, and Fig. 11(b) 
shows the state and size of the meshed simulation analysis 
object. In particular, the generated mesh was very dense in the 
semi-additive edge portion where stress is concentrated and in 
the sheet material portion where shear occurs. The analytical 
shape and stress distribution of the simulation results per-
formed for the optimal shape selection in the semi-additive 
shapes is shown in Figs. 12 and 13, respectively. Fig. 12(a) 
shows the case of the plate type showing the most stable state 
among the semi-additive shapes in which the simulation was 
performed. Fig. 12(b) shows the case of the equilateral triangle 
type, which is relatively unstable due to separation at the junc-
tion boundary. Figs. 12(c) and (d) show the stress distribution 
and shear state of the sheared sheet material, respectively. A 
comparative example of the stress distribution between the 
case of the stable state and the poor stability among the semi-
additive shapes is presented in Fig. 13. Fig. 13(a) shows the 
flat-type stress contour showing the most stable state among 
the simulated semi-additive shapes and shows that the stress 
contours progress smoothly from the sheet material through 
the semi-additive region to the punch body.  

However, Figs. 13(b) and (c) show the stress contours in the 
case of a triangular section with relatively low stability due to 
separation at the bond interface boundary, which indicates that 
stress contours do not progress smoothly at the bond interface 
boundary. In this semi-additive shape simulation analysis, the 
maximum stress occurred at the time point initiation (stroke-
Step 119) of shearing at the sheet material. In the simulation 
analysis for this semi-additive shape selection, the stability at 
the bond interface was indirectly judged by comparing the 
damage value acting on the sheet material based on the de-
signed semi-additive geometry.  

Another criterion comprehensively considered the range of 
the stress distribution, slip and separate state at the interface, 
the size of the additive range, and the degree of difficulty for 
the additive manufacturing. Based on the simulation results for 
each semi-additive geometry, a comparative graph of the 
damage values is shown in Fig. 14. In addition, the cases of 
slip and separation at the bond interface are shown in Fig. 15. 
Based on this analysis, the most stable shape was determined 
to be the plate type. This is because the change of the damage 
value was observed very stably compared to other shapes, as 
shown in Fig. 14. Alternatively, the change trend of the damage 
value in other shapes is observed irregularly. This seems to 
affect the damage value at every moment by influencing the 
slip, separating and bending moment depending on the ge-

      (a)                                  (b)  
 
Fig. 11. Simulation analysis model: (a) contact boundary condition; (b) 
mesh element state and size. 

 

 
Fig. 12. Simulation results: (a)-(b) stress distribution of the semi-additive 
punch; (c) stress distribution of the shear sheet material; (d) shea shape of 
sheet material. 

 

            (a)                    (b)                     (c)  
 
Fig. 13. Simulation results: stress distribution contour of the (a) plate; (b) 
equilateral triangle; (c) right triangle shape types. 

 

 
 
Fig. 14. Comparison of the sheet material damage values for semi-additive 
shapes. 
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ometry and size of the interface boundary. Here, the large in-
crease of the damage value at the small punch stroke is ana-
lyzed given the separating or bending moment at the edge 
pointer where the contact starts to be geometrical. Additionally, 
despite the large strokes that can cause shearing, the failure to 
reach the critical damage value of the shear is analyzed as the 
effect of the slip at the bond interface. The plate-type shape 
was the most stable, followed by the wedge shape with a trian-
gular cross section. In addition, the triangular cross section was 
more stable when the bond interface had a 45 degree rather 
than a vertically or acute-angle shape. An example explaining 
the stability from the simulation results is summarized in Fig. 15. 
Figs. 15(a) and (b) show that in the case of an equilateral trian-
gular cross sections with a 45-degree interface, the size of the 
cross section does not affect the slip but rather the degree of 
separation. Fig. 15(c) shows that the case of a scalene tri-
angle cross section with an acute angle interface is easier to 
cause slip than an isosceles triangle section. Fig. 15(d) shows 
a case where the interface is curved, which was vulnerable to 
both separation and slip. Therefore, the case where the cross 
section has an isosceles triangle section is more stable than an 
acute triangle section. 

Additionally, the interface consisting of pure straight lines is 
more stable than when the interface includes a curve. Figs. 
15(e) and (f) show a ring type of a rectangular cross section 
with a vertical interface, the greater the separating (opening) 
appears as the interface moves away from the punch blade, 
and slip does not occur. However, the phenomenon in which 
the additive portion is contracted by compression and a step is 

generated between the punch body and the additive part ap-
pears. Therefore, in the ring-shaped additive shape, AM as thin 
as possible in the depth direction of the punch body is advan-
tageous for reducing separation.    

 
7. Discussion 

The most stable semi-additive shape was a simple flat type, 
and no slip or separating phenomenon appeared at the addi-
tive interface. The stress distribution shows nearly the same 
tendency as in the punch of a solid material because the 
shearing force of the punch is transmitted stably to the sheet 
material. Additionally, separating, slip, and bending due to the 
moment occurs easily at the additive interface consisting of 
vertical or diagonal lines in the semi-additive shapes. Moreover, 
separation occurred in the shape with an interface close to the 
vertical, and the slip was more affected as the angle inclined 
diagonally to the acute angle. Therefore, in the present semi-
additive punch, the formation of the additive interface in the 
same direction as the direction in which the punching force is 
applied should be avoided. Specifically, the AM direction is 
preferably deposited in the vertical plane direction to which the 
punch load is applied. As in the present study, the design of the 
partially semi-additive shape for punch strengthening is aimed 
at minimizing the additive time and reducing the additive vol-
ume for the cost of high strength powder. Moreover, since 
there is a limit to the additive range of the high-strength tool 
steel (high speed steel) powder, the purpose of overcoming the 
limitation of the additive range by minimizing the additive vol-
ume may be greater. To summarize, when the additive range 
is not large, such as a piercing punch, and the range of the 
mold strengthening is small, a method of processing and AM a 
mold part into a complicated shape may be disadvantageous in 
terms of cost. It is desirable to select the simplest shape to 
reduce the machining of the punch body and facilitate AM. For 
this purpose, it is necessary to develop a high-strength powder 
that can be deposited in a desired range (size) without any 
restrictions on the AM range (volume). 

Alternatively, the results obtained from an analysis of the 
various semi-additive shapes presented to absorb the impact 
force acting on the punches became vulnerable to impact as 
the shape becomes more complicated. In addition, the phe-
nomenon appearing in the analysis illustrates the stress is 
maximized at the beginning point of shearing, and the stress 
concentration was in the punch blade portion and the punch 
side surface. Additionally, the larger the additive area, the more 
susceptible to slipping or separating. Therefore, ensuring the 
side height of the punch is as low as possible in the semi-AM 
for punch strengthening may in-crease the life of the punch. 

The semi-additive range and shape selected in this study 
was fabricated as a piercing semi-additive punch using the 3D 
printing AM DED technique as shown in Fig. 16 and the dura-
bility test was performed to verify the feasibility. The powder 
material of this semi-additive punch used the HWS of high 
wear-resistant tool steel, and the body (solid) material of the 

 
Fig. 15. Description of the stability at the interface according to the semi-
additive geometry. 
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punch was SKD11 (D2). The metal 3D printer used I com-
pany's MX3 equipment of Korea. The durability test material for 
the feasibility verification was a CR980 sheet. The specifica-
tions for the semi-additive punch used for feasibility verification 
is shown in Fig. 16(a). The manufacturing process of the semi-
additive punch by metal 3D printing AM DED technology is 
shown in Fig. 16(b).  

The semi-additive punch was subject to a heat treatment and 
post-processing as shown in Fig. 16(c).  

Fig. 17(a) shows the sample hole state of the sheet material 
after the durability test by the semi-additive punch, and (b) 
shows the sample holes state of the sheet material after the 
durability test by the solid punch. The piercing hole state of the 
sheet material by two kinds of punches is very good. Fig. 17(c) 
shows the SEM image of the semi-additive punch photo-
graphed after 1000 piercing processes, (d) shows the SEM 
image of the SKD11 solid punch photographed after 1000 
piercing processes. The condition for punches of both types 
was very good. From this validation test, the feasibility of the 
semi-additive punch was confirmed by showing a similar state 
of scratches and abrasion from the two punches. Therefore, 
future research could include AM of cutting and trimming punch 
molds, punch manufacturing in special fields where high 

strength is required, regeneration and maintenance of punch 
molds discarded after a certain period of use, reduction of ex-
pensive powder materials, and reducing the AM time (which 
complements the low productivity of 3D printer AM technology 
and the high manufacturing cost).  

 
8. Conclusions 

In this study, simulation analysis was performed to choose 
the best shape for the semi-AM method as a strengthening 
method for the piercing punch. As a preliminary process, the 
punch strength required for the piercing process of high-
strength sheet material was estimated through the process 
simulation based on the process variables. The range of the 
punch shape affecting the shear action were analyzed and 
measured from the simulation results of the punch strength. 
The semi-AM volume was defined based on the measured 
height and depth of the punch shape, and various semi-AM 
shapes were designed. The simulation analysis for the semi-
additive shape verification was performed using the friction 
characteristics of the interface boundary condition for the de-
signed semi-additive shape. The following results were ob-
tained from the simulation analysis for the semi-AM shapes 
(geometry) used for strengthening a piercing punch: 

1) The main factor affecting the punch stress prediction in the 
piercing process is the sheet material strength, while the effect 
of the punch material and punch speed (above a certain level) 
were insignificant. 

2) The average maximum stress acting on the punch in the 
piercing process of the 22MnB5 high-strength sheet material 
was 3267 MPa, and the depth and height of the concentrated 
stress-producing punches were 1.3 mm and 3.2 mm, respec-
tively. 

3) The average maximum stress acting on the punch in the 
piercing process of CP1180 high-strength sheet material was 
2256 MPa, and the depth and height of the concentrated 
stress-producing punches were 1.21 mm and 2.625 mm, re-
spectively. 

4) The semi-additive shape range (depth/height) predicted in 
this study was within 2-3 mm, which is a possible range for the 
AM of high-strength tool steel powder material by metal 3D 
printing. 

5) A most stable geometry in the shape selection of this 
semi-AM was shown the horizontal flat type and the type hav-
ing a triangular cross section. The bond interface was more 
stable in the case of having a 45-degree interface than the 
shape having a perpendicular and acute angle, or in the case 
of a pure straight line than the case of contains a curve. 

6) In the case of a rectangular cross section with a vertical 
additive interface, the separation gross occurred as the inter-
face moved away from the punch edge. Therefore, it is advan-
tageous to prevent the separation phenomenon by depositing 
as a thin a layer as possible in the depth direction of the punch 
body. 

7) In the shape selection of this semi-AM, the more compli-

 
Fig. 16. Specification and manufacturing process of the semi-additive 
punch for the feasibility validation. 

 

(a) (b) 
 

                     (c)                                  (d) 
 
Fig. 17. Durability test results for feasibility validation of the semi-additive 
punch: (a) holes state by semi-additive punch; (b) hole state by solid punch;
(c) semi-additive punch (HWS); (d) solid punch (SKD 11). 
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cated AM shape is more vulnerable to impact, and the larger 
the manufacturing range, the more easily slip or separating 
occurs. Therefore, depositing thin and low layers in simple 
shapes as much as possible can improve the life of the semi-
AM punch. 

 
Acknowledgments 

This research was supported by The Leading Human Re-
source Training Program of Regional Neo Industry through the 
National Research Foundation of Korea funded by the Ministry 
of Science, ICT and future Planning (2016H1D5A1910621). 

 
References 
[1] Z. Wang, H. Kubota, D. Xue, Q. Lin and M. Okamura, Galling 

behavior in square cup drawing of high-tensile-strength steel, J. 
Jpn. Soc. Technol. Plast., 47 (549) (2006) 988-992. 

[2] H. S. Choi, S. G. Kim, B. M. Kim and D. C. Ko, Quantitative 
evaluation of scratch related tool life for stamping of UHSS us-
ing pin-on-flat surface test, Transactions of Materials Process-
ing, 22 (2) (2013) 86-92. 

[3] G. Y. Baek, D. S. Shim, J. S. Seo and M. H. Kim, Hardfacing of 
Piercing mold using DED technique, Conference of The Ko-
rean Society For Technology of Plasticity (2016) 122. 

[4] Y. S. Kim, R. Li, V. T. Hoang, J. W. Kum, Y. J. Yum and S. Y. 
Yang, A study on the production of full-additive manufacturing 
punch fabricated of high-strength mold steel powder materials 
using 3DP technique, 21st International Conference on Mecha-
tronics Technology (2017) 366-371. 

[5] Y. S. Kim, R. Li, V. T. Hoang, J. W. Kum, Y. J. Yum and S. Y. 
Yang, A study on mechanical properties of HWS (high wear 
resistance steel) powder material using the additive manufac-
turing (AM) DED (directed energy deposition) process by metal 
3D printing, The 13th International Forum on Strategic Tech-
nology (2018) 22. 

[6] E. M. Lee, G. W. Shin, K. Y. Lee, H. S. Yoon and D. S. Shim, 
Study of high speed steel AISI M4 powder deposition using di-
rect energy deposition process, The Korean Society For Tech-
nology of Plasticity, Transactions of Materials Processing, 25 
(6) (2016) 353-358. 

[7] G. Y. Baek, G. Y. Shin, E. M. Lee, D. S. Shim, K. Y. Lee, H. S. 
Yoon and M. H. Kim, Mechanical characteristics of a tool steel 
layer deposited by using direct energy deposition, Metals and 
Materials International, 23 (4) (2017) 770-777. 

[8] D. S. Shim, G. Y. Baek and E. M. Lee, Effect of substrate pre-
heating by induction heater on direct energy deposition of AISI 
M4 powder, Materials Science & Engineering A, 682 (2017) 
550-562. 

[9] E. M. Lee, G. Y. Shin, H. S. Yoon and D. S. Shim, Study of the 
effects of process parameters on deposited single track of M4 
powder based direct energy deposition, Journal of Mechanical 
Science and Technology, 31 (7) (2017) 3411-3418. 

[10]  R. Li, V. T. Hoang, Y. S. Kim, Y. J. Yum, S. Y. Yang and J. W. 
Kim, A study on analytical prediction of punch strength re-

quired for ultra high strength parts in piercing process after hot 
stamping, 12th International Forum on Strategic Technology 
(2017) 71. 

[11]  R. Li, V. T. Hoang, J. W. Kim, Y. S. Kim, Y. J. Yum and S. Y. 
Yang, A study prediction of punch shape range for improving 
punch strength by partial semi-additive method using metal 3D 
printing technique, 21st International Conference on Mecha-
tronics Technology (2017) 350-354. 

[12]  R. Li, V. T. Hoang, J. W. Kim, Y. S. Kim, Y. J. Yum and S. Y. 
Yang, A study on the semi-additive shape design for strength-
ening metal molds of functional part by using high alloy tool 
steel (high speed steel) powder and metal 3D printing tech-
nique, 2017 KSAE Annual Autumn Conference and Exhibition 
(2017) 119. 

[13]  S. L. Wang, R. Li, V. T. Hoang, W. J. Kim, Y. S. Kim, Y. J. 
Yum and S. Y. Yang, A study on the optimization of punch 
edges shape for enhancing functional part of piercing punch, 
Proceedings of the KSME Spring Annual Meeting (2018). 

[14]  M. Shirgaokar, H. Cho and T. Altan, New Developments in 
FEM based Process Simulation to Predict and Eliminate Mate-
rial Failure in Cold Extrusion, Engineering Research Center for 
Net Shape Manufacturing (ERC/NSM), The Ohio State Univer-
sity, 339 Baker Systems, 1971 Neil Avenue, Columbus, Ohio, 
USA.  

[15]  H. K Kim and M. Yamanaka, Prediction and elimination of 
ductile fracture in cold forgings using FEM simulation, SFTC 
REF #103, Engineering Research Center for Net shape Manu-
facturing, Columbus, Ohio, USA. 

[16]  D. Y Kim, H. I. Park, J. W. Lee, J. H. Kim, M. G. Lee and Y. S. 
Lee, Experimental study on forming behavior of high-strength 
steel sheets under electromagnetic pressure, Proc. IMechE 
Part B: Journal Engineering Manufacture, 229 (4) (2015) 670-
681. 

[17]  S. H. Cha, M. S. Ahn, J. D. Nam, P. K. Seo, K. W. Won and B. 
M. Kim, Development of the trimming die for the automotive sill 
side part with advanced high strength steel of CP1180, The 
Korean Society for Technology of Plasticity 2012 Fall Confer-
ence (2012) 211-214. 

[18]  H. S. Choi, J. W. Lee, S. G. Kim, D. C. Ko, P. K. Seo and B. 
M. Kim, The effect of process parameters on the characteristic 
of sheared edge in trimming of DP980, The Korean Society for 
Technology of Plasticity 2012 Fall Conference (2012) 542-545. 

[19]  A. Bardelcik, High strain rate behaviour of hot formed boron 
steel with tailored properties, Mechanical and Mechatronics 
Engineering Theses, University of Waterloo (2013). 

[20]  H. S. Choi, B. M. Kim, D. H. Kim and D. C. Ko, Application of 
mechanical trimming to hot stamped 22MnB5 parts for energy 
saving, International Journal of Precision Engineering and 
Manufacturing, 15 (6) (2014) 1087-1093. 

[21]  X. Wu and H. Bahmanpour, Characterization of mechanically 
sheared edges of dual phase steels, Journal of Materials 
Processing Technology, 212 (2012) 1209-1224. 

[22]  H.-W. Lee, J.-B. Hwang, S.-U. Kim, W.-H. Kim, S.-J. Yoo, H.-
W. Lim and Y.-J. Yum, Construction of vehicle door impact 
beam using hot stamping technology, The Transactions of the 



 Journal of Mechanical Science and Technology 34 (10) 2020  DOI 10.1007/s12206-020-0907-8 
 
 

 
4159 

Korean Society of Mechanical Engineers A, 34 (6) (2010) 797-
803. 

[23]  A. Yanagida and A. Azushima, Evaluation of coefficients of 
friction in hot stamping by hot flat drawing test, CIRP Annals-
Manufacturing Technology, 58 (1) (2009) 247-250. 

[24]  B. Shapiro, Using ls-dyna for hot stamping, 7th European LS-
DYNA Conference, Stuttgart, Germany (2009). 

[25]  S. H. Cha, M. S. Ahn, J. D. Nam, P. K. Seo, K. W. Won and B. 
M. Kim, Development of the trimming die for the automotive sill 
side part with advanced high strength steel of CP1180, The 
Korean Society for Technology of Plasticity 2012 Fall Confer-
ence (2012) 211-214. 

[26]  H. S. Choi, J. W. Lee, S. G. Kim, D. C. Ko, P. K. Seo and B. 
M. Kim, The effect of process parameters on the characteristic 
of sheared edge in trimming of DP980, Proceedings of the Ko-
rean Society for Technology of Plasticity (2012) 542-545. 

[27]  A. J. Smith, Procedure and results for constitutive equations 
for advanced high strength steels incorporating strain, strain 
rate, and temperature, Thesis for the Master Degree of Sci-
ence, The Graduate School, The Ohio State University (2012) 
10-34. 

 
 

Gaoqi Zhang is a master student of the 
University of Ulsan, Ulsan, Korea. He 
received his B.S. degree in Automotive 
Engineering from Kookmin University. 
His research interests include metal 3D 
printing technology, and simulation, dy-
namics, CAD, CAE. 
 

 
Shiliang Wang is a researcher at Insti-
tute of Turbine and Propulsion Systems 
of Zhejiang University, Hangzhou, China. 
He received his M.S. in Mechanical En-
gineering from University of Ulsan. His 
research interests include metal 3D print-
ing technology, and simulation, dynamics, 
CAD, CAE. 

Yong-Seok Kim is a Research Profes-
sor of the School of Mechanical Engi-
neering, University of Ulsan, Ulsan, Ko-
rea. He received his Ph.D. in Mechanical 
Engineering from University of Ulsan. His 
research interests include Metal 3D print-
ing technology, mechanism design and 
simulation, dynamics, CAD, CAE. 

 
Seong-Woong Choi is a Ph.D. of the 
Department of Construction Machinery 
Engineering, University of Ulsan, Ulsan, 
Korea. He received his M.S. in Mechani-
cal Engineering from University of Ulsan. 
His research interests include future 
construction machinery, dual arm field 
robot, metal 3D printing technology. 

 
Young-Jin Yum is a Professor of the 
School of Mechanical Engineering, Uni-
versity of Ulsan, Ulsan, Korea. He re-
ceived his Ph.D. in Aeronautical Engi-
neering from the Korea Advanced Insti-
tute of Science and Technology. His 
research interests include composite 
material, Metal 3D printing material. 

 
Soon-Yong Yang is a Professor of the 
School of Mechanical Engineering, Uni-
versity of Ulsan, Ulsan, Korea. He re-
ceived his Ph.D. in Mechatronics Engi-
neering from University of Tokyo. His 
research interests include vehicle me-
chatronics, field robot, silver robot, metal 
3D printing technology. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


