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In this paper describe the fabrication of high strength punch molds that can be 

applied to ultra-high strength sheet material after processing. A method of improving 

the strength of the punching die by means of additive manufacturing (AM) of a high 

strength powder material using a metal 3D printer has been proposed. Further, a 

semi-additive manufacture technique has been proposed to increase the punch 

strength through partial additive manufacturing of local parts of the punch requiring 

high strength. A preprocessing process for predicting the semi-additive shape for the 

punch function portion is proposed for application of AM technology of the metal 3D 

printer to this semi-additive technique. The preprocessing process for determining the 

semi-additive shape consists of predicting the step of the punch strength based on the 

shear process of the sheet material, analyzing the stress distribution of the punch, 

defining the semi-additive range, designing the semi-additive shape and verifying the 

additive interface strength and durability of the semi-additive shape. The main factor 

affecting the measurement of influence during the hole process is the thickness of the 

plate, while the effect of material and speed (above a certain level) is unknown. 

During the machining process, the maximum point of reaction force appears on the 

sidewall of the wall, resulting in a horizontal force, which is the cause. Make sure the 

half sample shape (depth/height) detected in this study is in the range of 2-3 mm. The 

flat shape is the final shape, and the following shape shows that it has a 45 ° line 

shape compared to a triangle with the triangular face shape. Thus, in the case of a 

rectangular cross-section with the interface added vertically, separation from the 



interface has been shown to cause separation by adding as many layers as possible in 

the depth direction of the punch. It is advantageous In selecting such a semi-additional 

shape, it has been confirmed that larger additional areas can lead to more slipping or 

separation, while complex shapes are more easily exposed to folds. It can be used to 

extend the life of semi-additives. The shape and the range determined in the 

simulation process define 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 (volume). The semi-additive mold 

manufacturing technology based on a partial additive technique presented in this 

paper is expected to greatly benefit the maintenance of the punch by manufacturing 

the punch in a special field requiring high strength or by regenerating a punch mold 

that is discarded after a certain period of use.  

Furthermore, regeneration of a high strength punch can be achieved through 

semi-additive techniques in a relatively low-strength punch that would have been 

discarded. Therefore, the proposed technology can compensate for productivity and 

price challenges encountered when manufacturing punching dies using AM 

technologies such as the current metal 3D printer. If the cost problem can be solved in 

the future ,this technology will be used in a wide range. 

 

Keywords: Punch strength analysis, Punch stress distribution analysis, Semi-additive 

range selection, Semi-additive Shape Design, Verification the semi-additive shape 

strength, Semi-additive punch manufacture 



CONTENTS 

ACKNOWLEDGEMENTS ....................................................................................................... 1 

ABSTRACT ............................................................................................................................... 2 

CONTENTS ............................................................................................................................... 4 

Chapter 1 Introduction ............................................................................................................... 6 

1.1 Hot stamping & Problems encountered ................................................................... 7 

1.2 Hot stamping punch abrasion Cause Analysis. ....................................................... 8 

1.3 Existing solution & problem. .................................................................................... 9 

1.4 Punch strengthening study using Additive manufacturing technique .................... 9 

1.5 The research process of strengthening punch with the Semi-additive tec
hnique ................................................................................................................................ 10 

Chapter 2 Punch Strength Prediction and Semi-additive Shape Simulation ........................... 13 

2.1 Simulation Overview & Simulation object punch spec ....................................... 13 

2.2 Simulation processor ................................................................................................. 15 

2.3 Selection of piercing process parameters ................................................................ 16 

2.4 Material properties .................................................................................................... 18 

Chapter 3 Simulation and Results Analysis ............................................................................. 21 

3.1 Semi-additive range prediction simulation ................................................................. 21 

3.2 Semi-additive shape selection & simulation .......................................................... 27 

3.3 Simulation results and discussion ........................................................................... 39 

Chapter 4 Prototype Production and Testing ........................................................................... 43 

4.1 Additive Manufacturing Method ............................................................................. 43 

4.1.1 Additive manufacturing DED Method and Equipment ..................................... 43 

4.1.2 Powder material & Punch parameter .................................................................. 45 

4.1.3 Process parameters in DED method additive manufacturing ........................... 47 



4.2 Semi-additive punch production .............................................................................. 49 

4.3 Durability test............................................................................................................ 50 

4.4 Analysis and consideration of test result .............................................................. 53 

Chapter 5 Conclusion .............................................................................................................. 56 

5.1 Research results ........................................................................................................ 56 

5.2 Future research topics .............................................................................................. 58 

REFERENCE ........................................................................................................................... 59 

APPENDIX 1 .......................................................................................................................... 66 

CONFERENCES ..................................................................................................................... 67 

JOURNAL ............................................................................................................................... 68 

LIST OF PROJECT ................................................................................................................. 69 



Chapter 1 Introduction 

Nowadays, the vehicle lightweight technology requires ultrahigh strength parts that 

become stronger, which could maintain high safety with only a small amount of 

materials and minimize the manufacturing cost. It is mainly applied to the field of the 

vehicle body, as introduced in Fig 1.1 [1]. At the same time, the lighter weight of 

vehicle components also increases fuel efficiency, which reduces emissions and 

protects the environment. For the lightweight of the vehicle, the ultra-high-strength 

steels played a leading role in the automotive production.   

Fig. 1.1 High strength components of the vehicle 

The post manufacturing process of an ultra-high-strength steel sheet such as a hot 

stamping part manufacturing  process, mold damage has become the biggest problem. 

Mold damage can lead to inaccurate machining, In order to solve this problem, the 



current factory uses a laser process. But the high cost of laser equipment and the 

production is low, efficiency is still a problem. Due to the laser cutting limitation of 

laser power and equipment volume, laser cutting can only cut medium and small 

thickness plates and tubes, and the cutting speed decreases significantly as the 

thickness of the workpiece increases. Laser cutting equipment costs a lot, one-time 

investment is big. Another solution is to use mold surface treatment. The cost with 

small burden, but the deep and strong heat treatment will cause the mold chipping, 

This will also affect the machining accuracy [2]. So, in view of the development of 

additive manufacturing technology and the existing achievements, researchers try to 

use different metal powders and different manufacturing methods to improve the 

mold's mechanical properties and wear resistance [3-5].  

1.1 Hot stamping & Problems encountered 

Currently, the automotive sector is in need for lighter and stronger materials. 

Lightweight and sturdy is now the primary technical indicator. A technical approach 

to this is hot stamping molding technology. Hot stamping molding is technically 

preferred, but there are difficulties in post-processing (piercing or trimming process), 

cost, time and space. This is because the post-processing of hot stamping is mostly 

performed by the laser process. At the production site, many efforts have been made 

to convert these laser processes into press processes. However, a press process that 

requires a strengthened post-processing mold has not yet been achieved due to 

technical limitations. After hot stamping, conversion from the laser process to the 



press process must be accompanied by more advanced mold strengthening 

technology. 

 

1.2 Hot stamping punch abrasion Cause Analysis. 

In the hot stamping process, parts with increased strength cause damage to the mold 

due to strong reaction forces generated in the material, high stress occurs at the 

moment the punch starts processing, Stress is not just in the vertical direction of 

processing There is also large transient stress in the horizontal direction. This is one of 

the main reasons for the damage of the punch. thus reducing the surface quality and 

dimensional accuracy of the product and shortening the life of the mold, in particular, 

since the strength of the material increases, and excessive scratches are generated on 

the surface of the mold and the material, the adhesion phenomenon due to the high 

surface pressure applied to the mold during the molding process is called abrasion. 

(adhesion of high pressure on the surface, resulting in scratches) [1, 2]. Damage of the 

shear punch mold in the press process includes chip-ping, cracking, gross fracture, 

and galling. Such damage is caused by the incongruity of hardness toughness and 

abrasion resistance of the mold material. 

 

1.3 Existing solution & problem. 

The surface strengthening treatment method mainly used by the factory at this stage 

is method of applying a heat treatment or a nitriding treatment to the surface of a 

punch mold and then performing a surface treatment (coating) for generating a surface 



layer of another element or a heat treatment is mainly applied to solve such problems. 

Nitriding treatment refers to a chemical heat treatment process in which nitrogen 

atoms are infiltrated into the surface layer of a workpiece in a certain medium at a 

certain temperature. The nitrided article has excellent wear resistance, fatigue 

resistance, corrosion resistance and high temperature resistance. Although high 

hardness and high wear resistance are obtained after nitriding, the hardened layer is 

also very brittle. The heat treatment generally does not change the shape of the 

workpiece and the overall chemical composition, but imparts or improves the 

performance of the workpiece by changing the microstructure inside the workpiece or 

changing the chemical composition of the surface of the workpiece. It is characterized 

by improved intrinsic quality of the workpiece Surface treatment is not a fundamental 

solution because deeper coatings require a higher cost, and deep, strong heat 

treatments increase the probability of chipping. these solutions are not the best, can't 

solve the problem completely. 

1.4 Punch strengthening study using Additive manufacturing 

technique 

Although mold strengthening technology involves various classical technologies, the 

field of mold strengthening has recently been revived with the advent of metal 3D 

printing technology [3-5]. Many studies have been carried out for metal mold 

manufacturing and mold reinforcement used in the cold press forming process using 



metal 3D printing DED (Direct Energy Deposition) technology. Metal 3D printing 

DED technology Spray metal powder directly onto the focus of the laser to form a 

molten pool for printing. 

1.5. The research process of strengthening punch with the 

Semi-additive technique 

The research process of this study is as follows (Fig. 2.1). As described in the 

foregoing, the methods commonly used in the post-treatment of metal parts on 

heat-treated factories are laser cutting and punch punching. However, the limitations 

of lasers are too large and the cost is high, so punching with punches is currently the 

solution. Then a high-strength die is required, which requires high hardness, high 

toughness, and high wear resistance to be used in actual production. In the design of 

the punch reinforcement, a metal 3D printed DED semi-additive method is used to 

reinforce the punched punch. The DED method has been selected among various 

methods of metal 3D printing. The full name of this method is direct energy 

deposition (the specific description will be described below). The definition of the 

semi-additive method is the semi-additive method is considered. 

The property of a material, a multilayer additive process in which one or more 

materials are used to additive the desired material to the desired part with a certain 

thickness. With this method, a hardened layer of the punch surface and an 

intermediate buffer layer can be formed. It can make the punch meet the design 



requirements. In the selection of punching materials, the properties of steel HWS 

powder with high toughness and high wear resistance are selected to meet the design 

requirements of punch strengthening. The punching process is then simulated to 

determine the stress concentration range of the stresses experienced by the punch 

during processing. This range is a stress distribution analysis based on the stamping 

strength analysis of the sheet. After determining the stress range, the design of the 

semi- additive shape was started, and the shape of the design was simulated, and the 

shape analysis was performed by various stacked shapes and simulations. 

After analyzing the knot, the comparison data and the result analysis compare the 

differences of the respective shapes, confirm the most suitable semi- additive 

assembly shape, and after determining the additive shape, actually manufacture the 

punch using the determined shape, firstly, the additive part processing. 

After the processing is completed, the additive is performed, and after the additive 

process is completed, the heat treatment process is performed, and after the 

completion of the above process, the final processing is completed to complete the 

manufacture of the punch. After the completion of the manufacturing, the punches and 

the original unreinforced punches were reinforced with a newly-made additive 

process for the durability test, and the results were analyzed (SKD11 punch and HWS 

semi- additive reinforced punch).The test results were compared after the comparison 

test and analyzed. 



Fig. 1.2 The research process of strengthening punch with the Semi-additive 
technique 



 Chapter 2. Punch Strength Prediction and Semi-additive Shape 

Simulation 

In this study, Determined the punch strength required for the shearing (piercing) of 

CP1180 (1200MPa class) and 22MnB5 (1500MPa class) parts of high strength sheet 

material and the stress distribution concentrated on the punch with the intention of 

using partial additive (Semi-Additive) 3D printing to strengthen the punch. In other 

words, by predicting the width and depth of the portion where the stress is 

concentrated, increase the strength of the punch by predicting the shape range of the 

punch that affects the punch shear action. An analytical simulation for predicting 

punch strength was performed based on high strength sheet piercing process variables. 

The condition and range of the process analysis were analyzed based on previous 

research literature on shear mechanisms and a process analysis of the sheet material. 

The simulation processor for the punch, strengthening in the stress concentration part 

can achieve the best strengthening effect using AM technology in the smallest range. 

2.1 Simulation Overview 

The commercial code DEFORM 2D was used for punch shear process analysis. 

The DEFORM code implements the processes of shearing and propagating the 

material geometrically so that it is similar to a real-world scenario. When the fracture 

critical value at which the fracture occurs in the material is reached (as an 

implementation method for the shearing process), the elements of the sheared portion 



are deleted. This requires defining the number of elements required for visual 

processing and knowing the ductile fracture value at which shear (fracture) occurs, 

which is a characteristic of the material. To realize a precise shearing mechanism that 

is close to the actual one, it is necessary 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 (element number, 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 required value by comparing the experimental and numerical values 

based on the shape of the specimen, and then repeating the analysis for different target 

materials [15].

However, in the present study, the fracture critical value (critical damage value) for 

high-strength sheet materials was selected from previous literature [25-26]. Fracture 

critical values based on 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 

simulation, so that the flow stress curve data for the target sheet material is required. 

These flow stress data can be collected from a variety of sources, but are provided 

only as reference data, so material testing is essential to obtain data on specific 

application fields. The s-s curve data obtained from the test must be compensated for 

when apply it to the simulation analysis [14].  

 



2.2 Simulation process 

 
Fig. 2.1. Simulation processor for punch strength prediction: (a) Interpolation of flow 

stress data [14], (b) calculation of the critical damage value [15]. 

 

In this study,  determined the punch strength required for the shearing (piercing) of 

CP1180 (1200MPa class) and 22MnB5 (1500MPa class) parts of high strength sheet 

material and the stress distribution concentrated on the punch with the intention of using 

partial additive (semi-additive) 3D printing to strengthen the punch. In other words, by 

predicting the width and depth of the portion where the stress is concentrated, increase 

the strength of the punch by predicting the shape range of the punch that affects the 

punch shear action. An analytical simulation for predicting punch strength was 

performed based on high strength sheet piercing process variables. The condition and 



range of the process analysis were analyzed based on previous research literature on 

shear mechanisms and a process analysis of the sheet material. The simulation processor 

for the punch strength required for the high-strength part piercing process introduced in 

this study is shown in Fig. 2.1. 

The process parameters affecting the results 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 main process 

variable is the clearance between the punch and the die. Long industry experience has 

shown that the clearance between punch and die should be 5% of the sheet material 

lateral thickness. However, the clearance is determined by the thickness of the sheet 

material, the tensile strength and the material type. It is also determined by the 

requirements of a specific operation. In this study, the process parameters were analyzed 

and selected from the literature related to high-strength sheet material shear analysis [16, 

27]. The clearance for high-strength sheet material CP1180 is reported to be 10-18% of 

the sheet thickness, a punch speed of 50 mm/sec, and a punch corner radius of 

0.005-0.03 mm.  

 

2.2 Simulation object punch spec 

Specification he top die’s thickness is 8mm, the total length of the punch is 50mm, 

the upper and lower clamps of the plate are 5mm thick, thickness of the sheet is 

1.2mm, the working part of the punch (actually involved in the punching part) is a 

cylinder with a radius of 5 mm and a length of 13 mm. The head of the punch has a 

chamfer R Above this part is a cylinder with a radius of 6.5mm and a length of 

28.429mm. The upper and lower parts of this part are R 10mm and 0.5mm round.  



 
 Fig. 2.2 Punch specification for simulation analysis

 

There will be clearance between the punch and the older & die of the plate. If the 

clearance is too large, the burr of the stamped workpiece is relatively large, and the 

punching quality is poor. If the clearance is small, although the quality of the 

punching is good, the wear of the mold is serious, the service life of the mold is 

greatly reduced, and the break of the punch is easily caused. If the clearance is too 

large or too small, it is easy to cause adhesion on the punch material, thereby causing 

the material to be taken during the stamping. Too small a clearance easily creates a 

vacuum between the bottom surface of the punch and the sheet material and a 

scraping of the scrap occurs. Reasonable clearance can extend the life of the mold, 

good discharge effect, reduce burrs and flanging, keep the plate clean, hole diameter 

will not scratch the plate, reduce the number of sharpening, keep the plate straight, 

and accurately punch the hole. 



2.3 Selection of piercing process parameters 

A Two-Dimensional plane strain model was used for this piercing process analysis, 

and the conceptual parameter schematic for piercing process analysis are shown in 

Fig. 2.2 Sheet materials required for the process analysis had a tensile strength of 1200 

MPa (CP1180: Complex Phase steel) and a 1500 MPa grade (22MnB5: Boron steel). 

The sheet material thickness was 1.2 mm. 

Fig. 2.2 Two-Dimensional schematic of the piercing process 

 

The punching process analysis was performed based on the above description. The 

process analysis results showed that the optimal process parameters required for 

punch strength prediction simulation was selected, and these process parameters are 

summarized in Table 2.1 In addition, a simulation analysis of piercing strength 

required for the piercing shear of high strength sheet materials CP1180 and 22MnB5 

was performed using the simulation analysis processor and the selected piercing 



process analysis conditions for predicting the piercing punch strength. 

 

Table 2.1 Process parameters selected for punch strength prediction simulation 

Sheet 

material 

Material CP1180/ 22MnB5 Boron steel 

Thickness   1.2 mm  

Flow stress curve data 
  MPa 

 MPa 

Fracture critical value 1.1 

Punch diameter   10.0 mm  

Punch corner radius   0.01~0.02 mm  

Stripper diameter   10.06 mm  

Die diameter   10.12 mm ( ) 

Die corner radius   0.01~0.02 mm  

Stripper pressure ( /area)  Various conditions MPa  

Punch base material  SKD11(D2) 

Punch functional material  HWS, M4, CPM4 

Punch velocity   50 mm/sec 

Coefficient of friction  0.12 Shear Friction  

Punch & die clearance  0.02mm (7%t) 

2.4 Material properties 
 

The punch material was applied to the substrate material of the general cold material 

SKD11 (D2) punch, and the mechanical properties of the sheet material for the process 

analysis applied to it were analyzed using previous research documents, as summarized 



in Table 2.2. The physical properties of the sheet material differ depending on the source 

and literature. This means that material testing and interpretation must be performed 

together for accurate interpretation. 

Required value by comparing the experimental and numerical values based on the shape 

of the specimen, and then repeating the analysis for different target materials [15]. 

 

Table 2.2 Mechanical properties of sheet and punch materials for analysis simulation 

Material 
YM(E) 

[ ] 

YS 

[ ] 

TS 

[ ] 
PR CDV 

Remark 

[Ref] 

Sheet 

CP1180 
210.0 951.51 1241.99 - 1.1(cold) [16]-[18] 

Sheet 

22MnB5 
212.0 1010.0 1500.0 - 

2.28(hot) 

0.48(cold) 
[19]-[24] 

Punch 

SKD11 
207.0  2181.0 0.29 - Experiment 

Punch HWS 198.0 2303.0 2715.0 0.298 - Experiment 

Punch M4 214.0 - - 0.3 - MatWeb 

 

However, in the present study, the fracture critical value (critical damage value) for 

high-strength sheet materials was selected from previous literature [25-26]. Fracture 

critical values based on 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 simulation, so that the flow 



stress curve data for the target sheet material is required. These flow stress data can be 

collected from a variety of sources, but are provided only as reference data, so material 

testing is essential to obtain data on specific application fields. The s-s curve data 

obtained from the test must be compensated for when apply it to the simulation analysis 

[14]. 

 

 

Fig. 2.3 Flow stress curve of sheet material CP1180 and 22NmB5

 

In this paper, the flow stress curves for sheet materials were analyzed and selected 

from previous literature [16], [25-26]. The Hollomon models of the flow stress data 

curves for the selected sheet materials CP1180 and 22MnB5 were  

and , respectively, and the data curves are shown in Fig. 2.3 . 



Chapter 3 Simulation and Results Analysis 

 

3.1 Semi-additive range prediction simulation 
 

The analytical model for this punch strength prediction simulation is shown in

 Fig. 3.1 (a) shows a 2D flattening model for punch strength prediction simula

tion, and Fig. 3.1 (b) represents the elastic and plastic bodies at which deform

ation occurs in the analysis process. Fig. 3.1 (c) shows the finite element mod

el for analysis, and Fig. 3.1 (d) is the CAD model showing the three-dimensio

nal representation of the 2D analysis model. 

 
 

 

Fig 3.1 Analyze models and boundary conditions 

 

 



It can be seen from Figure 3.1 that in the Piercing process, the punch and the plate are 

axisymmetric. Therefore, in 2D simulation, only half of the simulation can be 

performed to obtain the complete result. This saves time and computing resources, 

and reduces the overall amount of calculations, allowing you to build smaller grids 

and more precise calculations. 

The results of the stamping strength prediction simulation are shown in Fig.

3.2 (a) of Fig. 3.2 shows the maximum stress and stroke generated in the punc

h, and Fig. 3.2 (b shows the state of the maximum stress generated in the side 

of the punch during the shearing process. Fig. 3.2 (c) shows the trend of the p

unch load according to the stroke of the punch, and Fig. 3.2 (d) shows the out

line of the stress distribution when the maximum stress occurs in the punch. It 

is also found in Fig. 3.2 (b) that the maximum point of the punch stress appe

ars on the sidewall of the punch during the machining process, and a horizont

al force appears, which is one of the causes of the damage of the punch. 

 



 
(a) 

 
(b) 



 
(c) 

 

 
(d) 

Fig. 3.2 Simulation results for predicting punch strength 



 

Table 3.1 Prediction simulation results of punch stress distribution 

Punch & die 

Clearance 

(t ×[%]) 

Punch concentration stress distribution Punch maximum stress 

[ ] Depth (  ) [ ] Height(  ) [ ] 

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 2,270 2,200 

3% 1.30 1.45 2.65 2.95 2,210 2,130 

5% 1.00 1.25 2.65 2.65 2,230 2,260 

7% 1.20 1.25 2.50 2.75 2,290 2,220 

8% 1.25 1.15 2.75 2.55 2,240 2,330 

10% 1.25 1.05 2.70 2.50 2,230 2,300 

13% 1.25 1.25 2.65 2.65 2,270 2,250 

17% 1.30 1.10 2.60 2.45 2,240 2,380 

20% 1.25 1.10 2.65 2.40 2,220 2,340 

Average 1.21 1.21 2.63 2.62 2,244 2,268 

 

Table 3.1 lists the stress distributions when the maximum stress occurs in th

e punch. Analyze the outline of Fig. 3.1 (d) and measure and arrange the dept

h and height of the punch shape. During the perforation of the high-strength s

heet CP1180, the average maximum stress acting on the punch was 2256 MPa. 

Table 3.1 shows the simulated stamping strength prediction results for the ma

ximum stamping stress and stress distribution range of this high-strength sheet 

(CP1180). 

 



(a) 

 
(b) 

 
(c) 



 
(d) 

Fig. 3.3 Maximum stress and stress distribution in punching process 

 

Fig. 3.3 is shown. Fig. 3.3 (a) and Fig. 3.3 (b) are graphs showing the depth

 and height of the punch shape according to the punch and die gap and the p

unch corner radius, respectively. Fig. 3.3 (c) and Fig. 3.3 (d) show the maxim

um stress and maximum stress generation strokes, respectively, based on the pu

nch and die gap and the corner radius of the punch. The figure shows the sha

pe range of the punch, where the maximum stress and the stress acting on the

 punch during the punching process. As shown in Fig. 3.3 (a) and Fig. 3.3 

(b). There is almost no relationship between the punch corner radius and the d

ie gap. However, when R = 0.01, the maximum stress occurs at 0.096 mm, an

d when R = 0.02, the maximum stroke is 0.2394 mm. 

In order to observe the punch strength according to the punch speed, different 

punch materials and plates were simulated and analyzed. Fig. 3.4 (a) shows the 

punch stress according to the punch material and the sheet, and Fig. 3.4 (b) sh

ows the punch stress distribution according to the punch speed of the punch m



aterial HWS and the sheet material 22MnB5. Fig. 3.4 (c) shows the stress distr

ibution depending on the punch stress of the sheet, and Fig. 3.4 (d) shows the 

stress distribution on the punch when the sheet is 22MnB5.  

As shown in Fig. 3.4 (a), the punch stress is minimally affected by the punch 

material (HWS, M4, D2), and is mainly affected by the sheets (CP1180, 22Mn

B5). In addition, it was found that the critical fracture damage value (CDV) h

ad no effect on the punch stress and had an effect on the shear time of the s

heet. As shown in Fig. 3.4 (b), the large change in the value at which the pu

nch stress drops sharply is a phenomenon occurring during the shearing proces

s due to software re-meshing and density change of the mesh. . This phenome

non was found to be caused by unevenness. In addition, the sharp increase in 

punch stress during the shearing process is caused by pressing the sheared she

et against the micro-region on the punch side, and it is analyzed that the punc

h is worn and scratched in the actual punching operation. As shown in Fig. 3.

4 (c). The punching speed (50 to 400 mm / sec) does not seem to affect the 

change in the punching stress. If the punching speed is not very slow and has 

a certain speed (50 mm/sec), it does not seem to significantly affect the punch

ing stress.  

 



(a) 

 

 
(b) 

 

 

 



 

(c) 

 
(d) 

Fig. 3.4 Punch stress in cording to punch speed 

 

Fig. 3.4 (d) shows the stress distribution profile generated in the punch accord

ing to the shearing force of the sheet 22MnB5, and the depth and width of th



e stress action are analyzed to be 1.3 mm and 3.2 mm, respectively. The maxi

mum stress of the punch was observed to be 3,267 MPa. The shape range of 

the semi-additive can be determined from the punch stress distribution accordin

g to the punch and the die gap and according to the punch speed and the pun

ch stress distribution of the sheet. Therefore, the shape range for the semi-addi

tive is 1.21 mm for the sheet CP1180, and is 2.32 mm for the sheet 22MnB5 

of 1.3 mm and 3.2 mm. 

Fig. 3.5 Punch Stress Distribution in Shear Process 

 

The punch stress distribution in shear process shows on Fig. 3.5. At the begi

nning of the machining, the stress on the punch rapid increase, the stress distri

bution during processing can be seen from the results, where the stress is mai

nly distributed at the bottom of the punch. It's worth noting that at the same t

ime, not only the maximum concentration point of the stress at the bottom of 

the punch, but also the stress and the focus on the side of the punch, which a



lso indicates that during the machining process the side of the punch is subject

 to irregular forces, which is one of the main causes of damage to the punch. 

 

3.2 Semi-additive shape selection & simulation 

Semi-additive punch shape design depending on the shape and extent of th

e punched edge. Design the shape of the edge portion of the punch to reinforc

e the punch into any shape and then select the best shape through process ana

lysis The range of the shape by the edge of the punch is defined as the semi-

additive range selected above it shows on Table. 3.2 and Fig. 3.6 and Fig. 3.

7 and Table. 3.2 shows the 3D printed shape and name of the design. 

 

Table 3.2 Semi-additive punch shape size range 

Shape type 
Diameter 

 ( ) 

Additive 

thickness  

( )  

Additive 

Height 

 ( ) 

Additive 

depth  

( ) 

Punch 

radius  

( ) 

Flat type  10 2.0 - - 0.02 

Ring type  10 
1.2 2.5 - 

0.02 
0.6 2.5  

Cap type  10 0.5 2.5 -  

Cap-Ring type 10 0.5 2.5   

Straight-Edge Type  10 1.2 3.0 -  

Edge S-Lug type 10 1.2 3.0   

Edge R-Lug type 10 1.2 3.0   

Half-Cap type 10 0.5 2.5 1.5  

Round-Edge type 10 1.2 3.0 R=4.35  



 

Fig. 3.6 Semi-additive shape design 

Fig. 3.7 Shape of semi-additive geometry 



 
Table 3.2 Name of semi-additive geometry 

1. Flat type 2. Thick-ring type    

3. Thin-ring type 4. Cap type 

5. Half-cap type 6. Ring lug-cap type 

7. Straight-edge type 8. Straight-edge-S-lug type 

9. Straight-edge-R-lug type 10. Top Triangle-Bottom Square-Big Type 

11. Top Triangle-Bottom Square-Small Type 12. Round-edge type 

13. Inverse-ladder type 14. Inverse-round ladder type 

15. Top triangle-round-edge type  16. Top square-edge type 

17. Regular triangle-edge type 18. Sector edge type 

19. Gull shape-edge type 20. Top triangle-bottom ladder type 

                               

Proactive execution to characterize the analysis software to optimize the geom

etry of the semi-additive to enhance the perforation function. The selected inter

face friction conditions were applied to the verification analysis of the semi-ad

ditive shapes of various designs by analyzing the analysis of software character

istics. The boundary contact conditions are defined as follows. Software contact

 conditions: Shear Friction(Sticking), Coulomb Friction(Sliding), Hybrid Friction,

 Tau Friction 

About the Shear Friction: Constant shear (fixed) friction is most commonly 

used for batch molding simulations. Typical values (using constant shear only): 

(0.08-0.1) for cold forming processes (0.2) for warm forming processes (0.2 t

o 0.3) for lubricated hot forming processes (0.7-0.9) for unlubricated surfaces 

Coulomb Friction: Coulomb (sliding) friction for sheet metal forming operatio



ns 

Tau Friction: Tau friction is used when the user needs to distribute shear str

ess to the surface.  

The analysis model settings are shown in Fig. 3.8. Different colors indicate 

different contact conditions 

 

Fig. 3.8 Analyze models and boundary conditions 

 

 

Fig. 3.9 Comparison of fracture damage values under combined Coulomb fricti

on conditions 



In Coulomb Frictional even under mixed friction conditions, joint slippage occurs 

slightly from step 30 under adhesion conditions and coefficient of friction (HC). 

Under mixed friction conditions, the damage values were similar except for the 

adhesion conditions and the coefficient of friction (HC)5. The data is shown in Fig. 3.

9. 

The mixed friction condition showed a smaller damage value than other frictional 

conditions, but showed a clear tendency by adjusting the friction coefficient (HC). 

 

 

Fig. 3.10 Comparison of fracture damage values under mixed surface friction 

 

In Hybrid Frictional (Fig. 3.10) Even under mixed friction conditions, joint s

lippage occurs slightly from step 30 under adhesion conditions and coefficient 

of friction (HC).Under mixed friction conditions, the damage values were simil

ar except for the adhesion conditions and the coefficient of friction (HC)5. The

 mixed friction condition showed a smaller damage value than other frictional 

conditions, but showed a clear tendency by adjusting the friction coefficient (H



C). 

 

 
Fig. 3.11 Comparison of fracture damage values according to shear friction co

nditions 

 

In Shear Frictional (Fig. 3.11) under shear friction conditions, in addition to t

he viscous conditions, the joint will slip slightly from the 30th step and above. 

Damage values other than viscous conditions showed similar trends with little 

difference. User rutin conditions cannot be analyzed due to large slippage. 

 

In Constant Tau(Fig. 3.11) Under the tau friction condition, the joint sliding p

henomenon is large except for the step 10 and above in the adhesive state. In

 the tau rubbing state, the damage value between the stuck state and the statio

nary state shows a large difference. Due to the lack of distinction, the applicat

ion of tau friction conditions in analysis is negligible 

 



 

Fig 3.12 Comparison of fracture damage values based on Tau friction condition

s on the joint surface 

 

 

Under the friction (Fig. 3.12) conditions other than the tau friction condition, 

the viscous damage value and the friction coefficient of each friction type wer

e 1 and 5, respectively, showing a similar tendency. There is a clear differenc

e between when 1 and 5. As described above, the mixed friction condition me

ans that the condition can be controlled on the joint surface in accordance wit

h a user-defined friction coefficient value. Therefore, the friction conditions for 

the process analysis for optimizing the semi-additive shape to enhance the punc

hing function were applied to the mixing type with a coefficient of friction of 

5.0.3.3 simulation results and discussion 



 

Fig. 3.12 Compare the fracture damage value according to the type of friction (when t

he condition is 5 and the friction coefficient is 5)

 

As a preliminary simulation analysis of each semi-additive shape, the friction 

conditions of the semi-additive joint boundaries of the dissimilar materials were 

analyzed. This was done to proactively characterize the analysis software to optimize 

the analysis of the semi-additive shape. In this analysis, the software interface 

boundary conditions are divided into shearing force, sliding force, mixed friction and 

Tau friction. Here, shear and Coulomb friction conditions provide information about 

the additive and slip at the joint interface during analysis, while tau friction conditions 

provide information on shear stress on the surface. In addition, the mixed friction 

condition means that shearing and coulomb conditions are simultaneously applied, 

and peeling and sliding phenomena can be simultaneously observed at the joint 

surface boundary. Therefore, in this analysis, it is defined as a technique for selecting 



boundary conditions, focusing on the fact that changes such as fixation, slip, and 

peeling occur at the boundary of dissimilar materials depending on the friction 

conditions and affect the damage of the shear material value. 

 

 

Fig. 3.13 Compare the fracture damage value according to the type of friction (when 

the condition is 5 and the friction coefficient is 5) 

 

Fig. 3.13 shows a comparison of the damage values according to the magnitude of the 

mixed friction conditions, and Fig. 3.13 (b) shows a comparison of the damage values 

according to the type of the friction conditions. 

If a gap of more than 0.001 mm occurs under the connection condition between the 

two objects, the contact is marked as dropped. In other words, when the contact 

condition is less than 0.001 mm, it is marked as a bond. 

 



Fig. 3.14 Mesh size composition for microstructure analysis 

Meshing is performed before the simulation, because the approximate stress c

oncentration range has been determined, and in order to make the simulation o

peration more efficient, a method of partitioning different density meshes is ad

opted. The specific mesh size is shown on Fig. 3.14 .The mesh unit size of th

e punch is 0.003mm, and the mesh size of the plate is 0.006mm. 

This can make the simulation of the stress concentration area more detailed, a

nd use a larger size mesh in the area where the stress cannot reach, which ca

n reduce the unnecessary calculation amount tereby obtaining a more accurate r

esult in a short time. 

The goal is to minimize and overcome it. However, if the additive range is no

t as large as the punch and the mold reinforcement range is small, the cost of

 machining and additive complex shaped punch inserts is higher than the adva

ntage of gold reinforcement. 

In particular, when the high strength cold work die steel powder HWS material found 

in the present invention is applied, there is no limitation on the additive range, and 



there is an advantage that additive can be performed within a desired range. 

The result of analysis from the results of various shape designs is that as sha

pes become more complex, these shapes are designed to absorb the impact for

ces acting on the punch and are therefore more susceptible to impact. 

A common phenomenon caused by the analysis of various stacked shapes is t

he edge of the punch and the side of the punch, where stress is concentrated 

at the edge of the punch and the side of the punch at the beginning of the sh

ear. 

The purpose of the semi- additive shape is to minimize the additive ability of 

the expensive high-strength powder and to shorten the additive time, but the a

dditive range is limited due to the limitation of the additive range of the high-

strength mold steel (high-speed steel) metal powder. 

 

Therefore, taking this into account when stacking semi-additive will also increa

se the life of the punch. The punch depends on the worksheet material.  Whe

n 22MnB5 boron steel was used in the same worksheet, the punch bars of M

4 and D2 showed almost the same trend according to HWS. When the punchi

ng material is D2 and the worksheet material is 22MnB5 boron steel (1500 M

Pa) and CP1180 (1200 MPa), the punching rods have a large difference. The 

break point of the worksheet material depends on the CDV (severe damage val

ue). In the case where the working material is 22MnB5, when CDV 2.28 (hot), 

the breakpoint is shown as step 195, and in step 82, the breakpoint that occur



s when CDV is 0.48 (cold) can be seen(Fig. 3.15). 

 

  

Fig. 3.15 Punch load according to punch material and CDV value 

 

3.3 Simulation results and discussion 
In the simulation analysis for such a semi-additive shape selection, the stability of 

the joint is indirectly judged by comparing the damage values acting on the sheet 

according to the shape analysis of the design. The range of stress distribution, the slip 

and separation state at the interface, the size of the additive range, and the difficulty in 

manufacturing the additive are all defined as criteria for shape selection. Fig. 3.16 and 

Table 3.3 shows a comparison of the damage values caused by the 

semi-superimposed shape analysis of the design.  

 

 

 

 



Table. 3.3 damage values based on semi-additive geometries 
Step 

Shape 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

 Flat 
type 

0.002
92 

0.048
9 

0.10
2 

0.15
7 

0.25 
0.48

1 
0.48

2 
0.57

4 
0.66

3 
0.94

6 
1.05 1.1 2.48 2.01 1.17 

 
Thick-rin
g type 

0.004
16 

0.041
0 

0.06
95 

0.11
8 

0.19
6 

0.32
3 

0.45
5 

0.60
6 

0.75
4 

0.85
2 

1.09 1.44 1.91 1.11 1.32 

 
Thin-ring 
type 

0.002
24 

0.037 
0.07
61 

0.12
9 

0.26
1 

0.58
5 

0.48
1 

0.55
1 

0.63
8 

0.78
3 

1.59 1.59 1.1 1.28 1.12 

 Cap 
type 

0.003
71 

0.047
1 

0.10
1 

0.15
2 

0.25
3 

0.36
3 

0.48
6 

0.64
4 

0.84
9 

0.89
5 

1.1 1.82 1.66 1.1 1.71 

 
Half-cap 
type 

0.001
79 

0.038
5 

0.08
72 

0.14
3 

0.26
0 

0.38
0 

0.50
2 

0.59
9 

0.79
8 

0.83
5 

1.0 1.09 1.12 1.15 1.25 

 Ring 
lug-cap 
type 

0.003
12 

0.043
7 

0.10
1 

0.17
1 

0.32
4 

0.49
9 

0.52
6 

0.64
8 

0.86
0 

0.90
3 

1.10 2.76 1.88 1.12 1.40 

 
Straight-e
dge type 

0.000
923 

0.031
8 

0.08
09 

0.13
1 

0.20
8 

0.34
0 

0.46
4 

0.59
1 

0.77
3 

0.82
4 

0.92
3 

1.10 1.61 1.22 1.66 

 
Straight-e
dge-S-lug 
type 

0.001
07 

0.037
3 

0.06
94 

0.13
9 

0.20
7 

0.34
4 

0.44
2 

0.63
0 

0.81
1 

0.92
1 

1.13 1.10 1.16 1.70 1.25 

 
Straight-e
dge 
-R-lug 
type 

0.002
43 

0.040
7 

0.07
24 

0.13
0 

0.23
7 

0.39
3 

0.46
1 

0.68
0 

0.78
0 

0.85
0 

1.03 1.31 2.21 2.10 1.21 

 Top 
Triangle-
Bottom 
Square-B
ig Type 

0.002
88 

0.050
6 

0.07
82 

0.14
0 

0.22
9 

0.36
9 

0.54
0 

0.65
6 

0.73
1 

0.85
0 

0.93
3 

1.50 2.98 2.66 1.31 

 Top 
Triangle-
Bottom 
Square 
-Small 
Type 

0.003
17 

0.049
4 

0.08
32 

0.15
5 

0.25
5 

0.39
8 

0.46
5 

0.58
2 

0.75
7 

0.92
9 

1.01 1.15 1.21 3.44 1.59 



 
Round-ed
ge type 

0.000
2 

0.039
6 

0.06
99 

0.11
6 

0.24
1 

0.37
8 

0.42
8 

0.66
4 

0.70
2 

0.80
1 

0.91
6 

1.06 1.28 1.25 1.13 

 
Inverse-l
adder 
type 

0.002
77 

0.052
5 

0.10
6 

0.16
3 

0.37
2 

0.46
7 

0.87
2 

0.52
6 

0.81
2 

0.75
7 

1.08 1.20 3.69 5.0 4.18 

 
Inverse-r
ound 
-ladder 
type 

0.001
59 

0.039
2 

0.09
41 

0.16
4 

0.24
5 

0.37
2 

0.51
7 

0.64
7 

0.73
2 

0.87
9 

1.01 1.13 1.4   

 Top 
triangle- 
round-ed
ge type 

0.000
964 

0.044
6 

0.09
85 

0.12
4 

0.23
2 

0.38
1 

0.47
2 

0.62
8 

0.77
2 

0.93
7 

2.28 1.09    

 Top 
square-ed
ge type 

0.002
65 

0.038 
0.10

2 
0.14

1 
0.25

0 
0.40

6 
0.49

2 
0.67

5 
0.78

8 
1.00 1.44 1.35 1.67 1.81 1.25 

 
Regular 
triangle-e
dge type 

0.000
843 

0.031
8 

0.10
1 

0.13
2 

0.23
1 

0.34
6 

0.51
1 

0.62
1 

0.83
5 

0.99
2 

1.07 1.14 3.01 2.45 1.18 

 
Sector 
edge type 
 

0.000
0195 

0.037
4 

0.07
49 

0.11
9 

0.27
8 

0.39
4 

0.59
1 

0.65
5 

0.89
5 

1.07 1.11 1.09 2.66 1.22 1.14 

 Gull 
shape-ed
ge type 

0.000
765 

0.038 
0.11

1 
0.13 

0.26
5 

0.40
4 

0.48
5 

0.68 
0.94

7 
0.97

9 
1.03 1.1 4.81 1.13  

 Top 
triangle 
-bottom 

0.001
24 

0.043
2 

0.37 
0.36

7 
0.43

8 
0.56

2 
1.74 2.36 1.48 1.35 1.08 1.9 2.68 3,22 1.14 

 
 
 



 
Fig. 3.16 Damage value according to the punch stroke 

 

Planar geometry seems to be the most stable. Next, the shape is stable. In th

e semi-additive geometry, the interface was found to have a 45 degree sloped 

boundary instead of vertical and acute angles. That is, it is shown that the equ

ilateral triangle is more stable than the triangle. In addition, the interface comp

osed of pure straight lines seems to be more stable than the interface including

 the circular curve. As the boundary surface is away from the punch blade, th

e peeling phenomenon becomes large, and when the boundary surface tilt angle

 is greater than 45 degrees, the slip occurs at 45 degrees. In the case of a rin

g, slippage does not occur but peeling occurs. As shown by the ring, thin addi

tive in the depth direction of the punch body, if possible, seems to help reduc

e peeling. 

There is no slip or peel at the interface between the different materials, and t

he shear force of the punch is stably transmitted to the material, so the stress 



distribution tends to be the same as the shape of the punch of the same mater

ial. 

Peeling and slipping occur at the interface of all the different materials in wh

ich the edges of the punch are partially machined or stacked. 

 In particular, the peeling occurs in a shape having a boundary in the vicinity

 of the vertical, and the slip occurs when the angle of the diagonal inclination

 approaches an acute angle. 

 Therefore, the formation of an additive interface in the same direction as the 

application of the perforated rods when additive between different materials sho

uld be avoided. It is desirable to stack only in the same shape as the punch. 

Although the purpose of designing the partial semi- additive shape is to minim

ize the additive ability of the expensive high-strength powder and to shorten th

e additive time, additive is limited due to the limitation of the additive range 

of the high-strength mold steel (high-speed steel) metal powder the scope is li

mited. 

 

 

 

 

 

 

 



Chapter 4 Prototype Production and Testing 

4.1 Additive Manufacturing Method 

4.1.1 Additive manufacturing DED Method and Equipment 

Metal 3D printing direct energy deposition (ADDD) additive manufacturing (AMD) 

technology uses a high power laser to completely melt and deposit metal powder. This 

results in a complete fusion between the materials, resulting in a high quality additive. 

In addition, since the additive quality has a dense structure, there is an advantage that 

it is suitable for manufacturing a tool such as a mold. So far, the laser is expensive, 

the manufacturing time is very long, and the output surface is rough, which requires 

post processing. In recent years, research has been actively carried out on the use of 

DED technology to reinforce mold parts to improve the life of high-strength steel 

molds. 

In addition, due to the compact structure and excellent mechanical properties, 

applications in the mold industry (such as mold/mold surface hardening, mold 

reshaping and mold repair) are also increasing. Generally, the stack thickness of the 

DED method is stacked by adding one layer in the range of 100-300 μm. Most of the 

heat sources used as heat sources use a  laser beam, and the beam oscillated by 

the laser beam engine has a diameter of about 0.8 to 1.0 mm. In the DED method, the 

powder material mainly uses a spherical powder in the range of 40 to 140 μm. 

Generally, the closer the shape of the powder material is, the more uniform the 

particle composition is, and the better the fluidity at the time of supply. The DED type 



of equipment used in this study used DMT's (Direct Metal Tool) MX3 metal printer 

and demonstrated the concept of device configuration and stacking. Fig. 4.1. the unit 

is equipped with a 4kW CO2 laser supply system for use as a large heat source, a 

five-axis CNC machine, a powder supply consisting of three hoppers, a coaxial 

powder nozzle and one consisting of MX-CAM software. In particular, the coaxial 

powder supply nozzle tip is a symmetrical supply of powder and forms a laser to form 

a uniform molten pool that is supplied to the coaxial shielding gas for preventing 

oxidation of the molten pool. At this time, the Shield gas mainly uses an inert gas. 

Fig. 4.1 Device configuration and additive layer concepts in DED AM systems 

 

4.1.2 Powder material & Punch parameter 

The high wear resistant steel (HWS) used in this study is a high toughness, high 

wear resistant cold work tool steel material specifically designed for hard cutting high 



strength steel (AHS). HWS materials not only form difficult working conditions, such 

as cutting, deep drawing and bending dies, but also difficult to shape materials (such 

as high strength, high elongation CP, DP, TRIP and Mart materials with high work 

hardenability). It is also used for tool applications. To achieve these mechanical 

properties, like most tools and other specialty steels, HWS has heat treatment 

properties that allow for optimal mechanical and physical properties through heat 

treatment prior to final processing [28]. HWS powder is a CPM (powder metallurgy) 

series powder with high wear resistance, hardness and toughness. HWS powder 

contains alloying elements such as chromium (Cr), molybdenum (Mo), tungsten (W), 

vanadium (V), manganese (Mn), silicon (Si) and nickel (Ni) to form various carbide 

high carbons. The chemical composition of the alloy steel balls is shown in Table 4.1 

The manufacturer did not provide a quantitative estimate of the chemical composition 

of the HWS powder, but the composition range was shown by a manufacturer-defined 

chart [29]. Therefore, the chemical composition of the HWS powder material shown 

in Table 4.1 is the data of the research results obtained from the analytical study. 

 

Table. 4.1 Chemical composition of the HWS powder material 

Materials used 
Element (wt %) 

C Si Mn P S Ni Cr Mo Cu V W 

HWS(powder) 1.08 1.38 0.34 - - - 7.80 1.86 - 2.66 1.73 



Fig. 4.2 Shape and specification of semi-additive piercing punch

The Shape and specification of semi-additive piercing punch is shown in Fig 4.2. 

The punch is 100mm in length. The punch consists of three parts. The uppermost 

fixed part is a cylinder with a diameter of 16mm and a length of 5mm. There is 0.5 at 

the joint with the middle part. Chamfer rounded corners. 

In the middle is an excessive part of 55 mm in length, and the bottom part is the 

main working part composed of a cylinder of 10 mm in diameter and 40 mm in length. 

When stamping, the fixed part is fixed on the stamping upper mold. As the mold 

moves up and down, the working part contacts the stamped sheet to complete the 

stamping process. 

 



4.1.3 Process parameters in DED method additive manufacturing 

The main process parameters of metal 3D printing DED include laser power, powder 

feeding speed, track scanning interval and laser scanning speed. Different 

combinations of these parameters may have different effects on the shape and 

mechanical/metal properties of the additive (ie roughness, hardness and 

microstructure) [27]. The mechanical and metallurgical properties of the final additive 

can be affected by process variables. High power laser energy increases the melt rate 

and convection of the melt, thereby increasing the height and width of the additive 

beads. That is, as the laser power increases, the height, width, and dilution of the 

beads (between the interface/substrate and the stack) gradually increase. Increasing 

the powder feed rate has no effect on the bead width and dilution depth, but it does 

affect the rapid increase in bead height. Due to the rapid increase in the height of the 

bead, excessive feed of the powder can also result in excessive additive, which 

ultimately affects the geometric accuracy of the part.   

 

As the scanning speed of the nozzle head feeding the laser beam and the powder 

increases, the height of the beads is greatly reduced, and the width and dilution depth 

of the beads are slightly lowered. This means that as the scanning speed increases, the 

powder feed rate and laser beam energy will shorten the melting time, while the 

specific energy density per unit volume and the powder feed density will also 

decrease, thereby reducing the size of the overall stacked beads. The metal powder is 

transported by gravity and supplied with gas through a nozzle. At this time, the 

powder gas is used to supply the powder for generating the molten pool on the surface 

of the substrate, and the coaxial gas prevents oxidation in the molten pool by injecting 

the processing gas around the laser beam. Increasing the powder gas flow increases 



the bead height and does not affect the bead width and dilution depth. The 

concentration of particles in the powder stream increases as the flow rate of the 

powder gas increases, but the increase in the flow rate of the coaxial gas affects the 

amount of powder delivered to the bath [28]. 

As described above, it is necessary to grasp the effects of the additive process 

conditions by combining the process conditions, and to change the conditions 

according to the selected powder materials. This is because this is the process of 

obtaining the optimum process conditions for manufacturing high quality parts 

through DED technology. In particular, as described in this study, the most important 

factor in the heterogeneous material semi- additive technique using the DED method 

is the perfect bond between the substrate and the additive. In other words, the 

substrate material is melted by an organic combination of various process conditions, 

and at the same time the flowing powder material is completely melted by perfect 

chemical and metal bonding to form a third interface material. In the additive process, 

not only the interface portion where the substrate material and the powder material are 

combined, but also during the additive of the same powder material, the additive must 

be remelted, and the incoming powder material must also be melted to satisfy 

Combination of chemistry and metallurgy.  

Therefore, the additive process conditions between heterogeneous materials do not 

mean that only one part is satisfied, and it is important to find a key point that can be 

fully satisfied between the applied materials.  

So, the process for optimizing process conditions between dissimilar materials need 

a lot of repeated explains. Table 4.2 lists the semi- additive process conditions 



between the substrate D2 and the dissimilar materials of the powder materials HWS 

and P21 obtained in this study. 

 

Table. 4.2 Process parameters for powder additive 

Metal 

powder 

Laser  

beam  

power  

(W) 

Slicing  

layer  

height  

(mm)  

Overlap 

width  

(mm)  

Powder  

flow rate  

(g/min)  

Laser  

traverse  

speed  

(mm/min) 

Powder 

gas 

(l/min)  

Coaxial 

gas 

(l/min)  

P21 900 0.25 0.5 5 850 2.5 8.0 

 

4.2 Semi-additive punch production 

After fabrication, the punch and the original unreinforced punch were reinforced 

with a new additive process for durability testing and analysis of the results SKD11 

punch(Fig. 4.3 (a)) and HWS semi-additive reinforcing punch(Fig. 4.3 (b)) Multiple 

samples were completed during the manufacturing process for subsequent durability 

testing 

And after determining the additive shape, the punch is actually fabricated using the 

determined shape, first, the additive part is machined. After the completion of the 

treatment, additive is performed, and after the additive process is completed, the heat 

treatment process is performed, and after the above process is completed, the final 

treatment is completed to complete the manufacture of the punch. 

 



 

(a)                           (b) 

Fig. 4.3 (a) SKD11 Punch, (b) HWS semi-additive reinforcing punch 

 

4.3 Durability test 

Test mechanism was Daegu Machinery Parts Research Institute .Testing equipment 

was 200 tons stamping die set(Fig. 4.4 / Fig. 4.5) test machine parameters is show in 

Table. 4.3 repair mold (automatic cutting machine not available) the sheet material 

was CR980, 1.2mm, Width 57mm (only two punches can be used at the same time).  

This test uses the automatic feeding device (Fig. 4.4 (b)) to automatically transport 

the metal material (CR980) into the punching machine. After each punching, it will 

be forwarded in conjunction with the automatic feeding device for automatic repeated 

testing. 

 



 

a b

Fig. 4.4 (a) Test material, (b) Automatic feeding machine 

 

 

(a                (b)                   (c) 

Fig. 4.5 (a) Test device, (b) (c) Punching machine 

 

Table. 4.3 Test machine parameters 

Tonnage 200 ton 

Bolster Size 1400mm * 840mm 

Stoker Per Minute (CONTINUE) 0-40 SPM 

Stroke 250 mm 

Die Height 480 mm 



 

The test Punch was SKD11 Bulk Punch / HWS powder half-additive punch, the test 

speed was 30 SPM (stroke per minute), The test method was observed after every 100 

shots punch and sheet (Fig. 4.6). 

The test will be end when an abnormality occurs in the punch during this period, 

the punching machine was used to test the punch. After the stamping parameters were 

set, the auto feeding and the press were synchronized, the test was started. Each 1000 

stamped sheets were marked during the test, and remove the punch for comparison. 

Every 1000 times were found in the later observation.  

Fig. 4.6 (a) microscope, (b) Taking pictures with the help of the staff 

 

 

 

 

Slide Adjustment 120 mm 

Main Motor Torque Servo Motor 



4.4 Analysis and consideration of test result 

 

 

Fig. 4.7 Status after HWS powder material semi-additive punch test: 1000 Times 

Fig. 4.8 SKD11 Bulk Material Punch Test Status: 1000 Other Tests 

 

 



HWS compared with the SKD11 bulk punch, the wear performance is good. In order 

to be more accurate and meaningful, more stamping tests must be performed. There is 

a slight difference in the incision of the stamped sheet, which is the image of the 

durability of the different punches. (Fig. 4.7 & Fig. 4.8) judging from the appearance, 

after the same number of processing, the HWS punch still retains the basic punch 

shape, but the SKD11 punch has obvious visible damage to the head, which will 

inevitably affect the subsequent processing accuracy, and easy damaged punches 

continue to process and may produce more damage faster  

But SKD11 bulk punch and HWS additive punch After 100(Fig. 4.9) strokes, 500 

strokes(Fig. 4.10) and 1000 strokes(Fig. 4.11), The peculiarity of burrs in the postural 

observation is Unrolled but rollover slightly increased Indicates a state. In the SKD11 

bulk punch, the turning of the perforations is larger than in the HWS stacking punch, 

which seems to affect the slight wear of the punch. Piercing punch can be greatly 

reduced, resulting in improved punch life. The hole machining quality of the HWS in 

the stamped sheet is better than that of the SKD11 hole, which also proves that the 

durability of the HWS punch is better. 

 

 
Fig. 4.9 SKD11 bulk punch HWS Multilayer punch seat specimen hole state after 

100 strokes 
. 



Fig. 4.10 Sheet specimen hole state after SKD11 bulk punch HWS Semi-additive 

punch 500 strokes 

Fig. 4.11 SKD11 bulk punch HWS Multilayer punch seat specimen hole state after 

1000 strokes 

 

 

 

 

 

 

 

 

 

 



Chapter 5 Conclusion 

 

5.1 Research results 

In this paper, a simulation analysis was performed for the purpose of choosing a 

shape for using the partial semi-additive technique as a strengthening method for 

piercing punches. As a preliminary process, the punch strength required for the 

piercing process of high-strength sheet material was predicted through a process 

simulation analysis based on process variables. The range of the shape of the punch 

affecting the shear action was measured from the predicted results of punch strength. 

A semi-additive volume was defined based on the measured punch shape range, and 

various semi-additive shapes were employed. The simulation analysis for the 

semi-additive shape verification was performed using the friction characteristics of 

the interface boundary condition for the designed semi-additive shape. The following 

results were obtained from the simulation analysis of the semi-additive shape 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 the punch 

speed (above a certain level) were insignificant. 

2)  The average maximum stress acting on the punches in the piercing process of 

the high-strength sheet material 22MnB5 was 3,267 MPa, and the depth and 

height of the punch shape in which stress was concentrated were estimated to be 

1.3 mm and 3.2 mm, respectively. 



3)  The average maximum stress acting on the punches in the punching process of 

the CP1180 high-strength sheet material was 2,256 MPa, and the depth and height 

of the punch shape where the stress was concentrated were estimated to be 1.21 

mm and 2.625 mm, respectively. 

4)  Confirmed that the range of semi-additive shape (depth / height) predicted in 

this study was within the range of 2 to 3 mm, which is a possible range for 

additive manufacture high-strength metal mold powder material by 3D printing. 

5)  A flat type shape was the most stable shape to add, while the next best shape 

was an edge having a triangular sectional shape. This shows that in the 

semi-additive shape, an interface with a 45 degree and pure line is more stable 

than the case with a curve, a perpendicular shape or an acute angle. 

6)  In the case of a rectangular cross section having a vertical additive interface, 

separation occurred as the interface moved away from the punch edge. Therefore, 

it has been shown that it is advantageous to prevent the separation phenomenon 

by adding as thin a layer as possible in the depth direction of the punch body. 

7)  In this semi-additive shape selection, con-firmed that more complicated shapes 

are more susceptible to impact, and larger additive areas result in more slip or 

separation. In addition, confirmed that additive interfaces with a thin, low, simple 

shape can be used for improving the lifetime of a semi-additive punch. 

8)  The maximum point of the punch stress appeared in the sidewall of the punch 

during the machining process, and a horizontal force appeared which is one of the 

causes punch damage. 



9) In the durability test, the damage of SKD11 punch is greater than that of HWS 

punch under the same number of punching times, which will affect the quality of 

punching resulting in improved punch life. The punch durability of HWS powder 

is higher than that before unreinforced, and it can be used longer in processing. 

 

5.2 Future research topics 

In the post-treatment process of the heat treated sheet parts, not only the 

piercing process but also the trimming process is very difficult. Moreover, the 

trimming process for the post-treatment of the hot stamping is more difficult. The 

trimming process for the post-treatment of hot stamping is almost identical to the 

piercing process. Therefore, the research method for the piercing process studied in 

this paper can be applied to trimming process for the future research also. 

In the future work, analyze the range of maximum stress that the punch of the trim

ming process receives during processing, and then will be determine the strengthening

 area of the trimming punch based on the range of maximum stress. And, the strength

ening portion shape design of trimming punch, simulation test to determine the final 

metal 3D printing shape, And practically, the trimming punches will be manufactured 

and tested for durability. 
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