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Abstract- 3D printing technology is an additive manufacturing method of fabricating a structural shape that is difficult to 
manufacture by conventional processing methods. This technology has been studied in various industrial fields because it 
can be integrated by modularization of the parts manufactured by machining method. However, since the manufacturing cost 
and the equipment are expensive, the industrial benefit is still limited. In this paper, we present the results of the study on the 
ignitor tip, which is a part of the power plant field, which is suitable for applying 3D printing technology because it has a 
high price characteristic and a complicated shape structure internally. The ignitor tip consists of three component parts with 
various functions in each part. And the connecting plate that the mixed fuel could rotate and spray is assembled so that the 
flame can be injected uniformly. But this part causes problems that are worn by vibration and rotation because it is 
mechanically assembled between the mixing part and the inject part. In this study, 3D printing method is used to integrate a 
connecting plate and an inject part to solve this wear problem. In this study, the ignitor tip, which was divided into three 
parts, was integrated with two parts. We have identified key manufacturing process parameters for integrating parts using the 
3D printing method. Also, it was able to solve the problem of abrasion during operation of connecting plate which is a main 
problem factor. 
 

Index terms- 3D printing, Metal powder, Powder bed fusion, Ignitor tip, power plant, Reverse engineering. 

 
I. INTRODUCTION 
 
Ignitor tip is a component of burner to start the 
burning process in power plant. This is used to ignite 
the coal to a constant operating state by fuel mixed 
with air and kerosene. 

 

 
Figure 1: Burner system of power plant boiler 

(Chattanooga State Community College, Pub. by Lee King) 

This component is composed of three components so 
that air and kerosene are mixed in the proper ratio and 
injected uniformly as shown in Figure.2. Because the 
parts with the designed shape are manufactured in the 
machining process, they have to be made of three 
parts. 
These parts are designed to have various functions in 
each part. The mixing part mixes the supplied air and 
kerosene through the six holes and sends it to the 
injecting part at the proper ratio. The inject part 
injects mixed fuel, which is led to have a constant 
rotational direction in the connecting part, to the 
burner. And the connecting plate that the mixed fuel 
could rotate and spray is assembled so that the flame 
can be injected uniformly. 
But this part causes problems that are worn by 
vibration and rotation because it is mechanically 
assembled between the mixing part and the inject 
part. In this study, 3D printing method is used to 
integrate a connecting plate and an inject part to solve 
this wear problem. 
 
The 3D printing method could make this integrated 
part because the process is carried out layer by layer 
using a metal powder material. The part 
manufactured by 3D printing process should perform 
the post process such as support removal and surface 
treatment. However, while performing the 3D 
printing process, the material properties of the metal 
powders are changed by the laser sintering process. 
This change in material properties makes the post 
process difficult. In consideration of these variables, 
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we have studied the optimization of manufacturing 
process using 3D printing method. 

 
Figure. 2: Configuration of ignitor tip component 

 
II. REVERSE ENGINEERING 
 
The Ignitor tip applied in this paper is a component 
that is actually used in power plant and does not have 
a 3D CAD data to perform the 3D printing process. A 
reverse engineering process was performed to obtain 
the 3D CAD data, and it was verified by 
measurement to compare with actual parts. The 
reverse engineering process was performed by 
attaching 3D Scanner (XLP 500) to the 3D measuring 
machine (Surveyor ZS Series), and the result is 
shown in Figure.3. 

 
 

 

 
Figure. 3: Reverse engineering results of ignitor tip 

components 

 
The measured three-dimensional data were post-
processed to obtain the final drawing, and the results 
are shown in Figure.4. Due to the limitations of the 
measurement method using a 3D SCANNER 
applying the non-contact method, it was difficult to 
measure the screw thread shape of the parts as shown 
in Figure.3. Therefore, the reverse design of the parts 
excluding the thread shape is performed as shown in 
Figure.4. 
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Figure. 4: Post-processed three-dimensional measuring data 

 
In order to solve the wear characteristic of connecting 
plate, the redesign was performed by integrating the 
inject part and the connecting plate as shown in 
Figure.5. Originally, the connecting plate was 
designed to have a tolerance for assembly with the 
inject part. In this study, the tolerances were removed 
for the integrated design of the two parts, and the 
cross shape was optimized to make the mixed fluid 
have rotational direction. 

 

 

 
Figure. 5: Redesigned 3D CAD data 

III. 3D PRINTING PRE-PROCESSING  
 
There are constraints on the 3D printing process using 
metal powder. After the 3D printing process, heat 
treatment should be performed to increase the 
strength. And the parts made on the base plate should 
be separated using the wire cutting method. The 
support structure must be removed to make the 
desired part shape after the parts are separated. The 
support structure is designed in the pre-process step 
to support the feature if there is a slope of more than 
36 degrees. In this study, as shown in Figure.6, the 
process design was performed to make the parts to be 
3mm elevation from the base plate in order to carry 
out the wire cutting process. In the case of screw 
thread, support structure is created in the gap because 
it has an inclination angle. Therefore, the process 
procedure was set up by machining the threads in the 
post-process step. 
 

 

 
Figure. 6: Support structure design in pre-process step 

 
Laser processing tool path was set up to perform 3D 
printing process. The tool path was designed as 
hexagon hatching pattern, and the laser irradiation 
direction and starting point were set manually to 
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prevent anisotropic and interface defects as shown in 
Figure.7. In order to make the outline of the product, 
the process was designed to be offset by 40um from 
the product surface. 
 

 

 

 
Figure. 7: Laser 3D printing tool path setup procedure 

 
IV. MANUFACTURE PROCESS USING 3D 
PRINTING METHOD  
 
The 3D printing process was performed using SUS-
630 powder material and the design data derived from 
the pre-processing study. As shown in Figure.8, PBF 
(Powder Bed Fusion) metal 3D printing equipment 
was used to perform this study, and the 
manufacturing environment and layer forming 
conditions were set for each process step. In order to 
improve the surface quality and dimensional accuracy 
of the product, the laser irradiation conditions and the 
tool path were optimized according to the shape 
conditions. According to the slope of the product 

shape, shape optimization was performed by varying 
laser irradiation intensity and lamination conditions in 
consideration of supporting interference with metal 
powder. 

 
(a) Metal laser 3D printing system (ProX 300, 3D 
Systems) 
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Figure. 8: Metal laser 3D printing system and process setting 

 
In the 3D printing process, the metal powder is 
sintered by laser, so the strength of the metal 
increases during the process. Therefore, we first 
applied surface finishing and threading with 3D 
printing parts and then heat treatment. After the 3D 
printing process, the parts on the base plate were 
separated by wire cutting method. As a result of 
surface finishing and thread machining in the lathe 
and milling machine, it was confirmed that the 
machinability was decreased as shown in Figure.9-
(c). These problems were analyzed as the poor 
machinability due to lack of strength increasing effect 
in the expected laser sintering process. 

 

 
a) Metal 3D printed result (SUS-630, PBF metal 3D printing) 

 

 
Figure. 9: The first case study results of metal laser 3D printing 

(3D printing – Machining – Heat treatment ) 

 
In order to solve this problem, we changed the 
process sequence to post-machining after performing 
heat treatment on parts manufactured by 3D printing 
process. Heat treatment can increase the surface 
hardness and strength of the part, which can increase 
the workability of the product. The heat treatment 
process was carried out by heating at 490 °C for 8 
hours and gradually cooling at room temperature for 
24 hours. The final product was 
 
fabricated through the machining process as shown in 
Figure.10-(b). And the shape accuracy of the products 
manufactured by 3D printing method was -17 ~ 34um 
for mixed part and -56 ~ 23um for integrated inject 
part. Since the power plant limits the tolerance of this 
part to within 100um, it can be confirmed that there is 
no problem in applying the research result to the plant 
site. At present, the parts developed through this 
research are under testing to verify the applicability 
of the parts in the test-bed of the power plant. 

 

 
a) Heat treatment result before post-machining process 
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Figure. 10: The second case study results of metal laser 3D 

printing (3D printing – Machining – Heat treatment) 

 
CONCLUSION 
  
The ignitor tip used in power plant boiler has been 
manufactured by machining method until now and it 
was difficult to optimize the internal structure that 
can generate optimum flame. In addition, the 
components of the ignitor tip are divided into three 
parts so that the internal shape can be machined. Of 
these three parts, the connecting plate part is 
assembled between the other two parts. This 
mechanical assembly method causes assembly 
tolerances, and vibrations occur due to mixed fuel 
during the flame generation process, resulting in wear 
of connecting plate parts. In this study, we tried to 
solve the limitation of this machining method by 
using 3D printing manufacturing process. The 

drawings of the existing parts were obtained by using 
the reverse engineering method and the connecting 
plate was integrated with the inject part to solve the 
wear problem. A process parameter optimization 
study was carried out to fabricate the integrated part 
using 3D printing method and SUS-630 metal powder 
material. As a result, we were able to develop parts 
with the shape accuracy of -17 ~ 34um for mixed part 
and -56 ~ 23um for integrated inject part. Since the 
power plant limits the tolerance of this part to within 
100um, it can be confirmed that there is no problem 
in applying the research result to the plant site.  
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