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Abstract: Recently 3D printing technology is applied to make a concept model and working mockup of the industrial 
application. But this technology has a limitation to apply in the industrial product by reason of materials and reliability of 3D 
printed product. In this study, components of full cord switch module are proposed as a case of the 3D printed component 
that can be used as a substitute for a short period. These are hub-driven and lever lockup components that have a structural 
characteristic of breaking down frequently in the emergency operating status. In order to make sure of the structural strength 
for a substitute period, the research of structure optimization was performed because 3D printing technology has a limitation 
to use various materials. After optimizing the structure variables of hub-driven component, reasonable results can be drawn 
that the safety factors of left and right switching mode are 1.243(+153.67%) and 3.156(+404.96%). Lever lockup component 
has a structural weak point to be broken down easily on the lockup-part because of a cantilever shape and bending moment. 
The rib structure is applied to decrease the deflection. And the optimization of the structural variables was performed, and 
can be drawn that the safety factor is 7.52(+26%).  
 

Index terms: 3D Printing, Fused Deposition Modelling, Power Plant, Pull Cord Switch, Structure Optimization 

 
I. INTRODUCTION  
 
In order to obtain a 3D printing application field that 
can replace components manufactured by traditional 
production methods, it is necessary to further develop 
manufacturing system, materials and processes. Many 
researchers are studying on the application of 3D 
printing technology in the field of various 
applications. Most studies are devoted to technologies 
that replace parts made with traditional 
manufacturing methods. However, in this study, the 
study was conducted by switching to another research 
objectives. We investigated the pull cord switch 
module of the conveyor system which are used in the 
power plant coal yard under frequent breakage. We 
described the research results of a 3D printing 
manufacture process for short-term replacement parts 
that can be quickly responded to by field workers in 
an unexpected situation. In addition, we propose the 
use of urgent short-term replacement parts in an 
unexpected emergency situation as the application 
field of 3D printing technology.  
 
II. RESEARCH SUBJECT AND PROBLEM  
 
The conveyor system used in the power plant coal 
yard has the function of transferring the coal loaded 
in the coal yard to the inside of the boiler. During the 
process of coal transfer, unexpected situations such as 
system failure and spontaneous combustion occur 
frequently. In such an unexpected situation, the pull 
cord switch module has the function of urgently 
stopping the operation of the conveyor system as 
shown in Figure.1-(a). Pull cord switch module 
consists of hub-driven part, lever lockup part and 

power control switch board as shown in Figure.1-(b) 
and is fixed inside plastic housing. In an emergency 
status, the operator pulls the wire of the lever 
connected to the hub-driven part and turns off the 
switch of the power control switch board by turning it 
by the internal torsion spring. 
 

 
(a) Working process of pull cord switch module 

 

 
(b) Pull cord switch module 
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(c) Hub-driven component 

 

 
(d) Lever lockup component 

Figure. 1: Working process and main components of pull cord 
switch module 

 
These parts are made of PVC material through the 
injection molding process, and in the frequent 
unexpected situation, the pull cord switch module is 
repeatedly driven to cause the breakage problem as 
shown in figure.2. In addition, the pull cord switch 
module of various specifications is applied in the 
field, and many of these parts have been discontinued 
by the manufacturer. Therefore it is impossible to 
obtain stock and drawings of all parts. In the case of 
this study, the shape was designed to be the same as 
the current one in order to apply the traditional 
manufacturing method. In order to overcome these 
limitations, we have decided to carry out a research 
on the 3D printing manufacture process by 
optimizing the components design. 
 

 
Figure. 2: Breakdown results of hub-driven and lever lockup 

components (PVC material, Injection molding process) 

 
III. REVERSE ENGINEERING  
 
The hub-driven and lever lockup parts applied in this 
paper do not have a 3D CAD data to perform the 3D 

printing process. Therefore, 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 3D measurement system (VMS-5040, 
Rational Inc.), and the result is shown in Figure.3. A 
probe with a precision of 0.5um was used for the 3D 
measurement system, and the shapes which could not 
be measured with the 3D measurement system were 
measured with a hand measuring instrument. 
 

 
(a) Hub-driven component 

 

 
(b) Lever lockup component 

 
Figure. 3: 3D measured CAD data of original components 

(PVC material, Scanning probe method) 

 
IV. STRUCTURE OPTIMIZATION 
 
The lever of the full cord switch module is a 
component that is designed to be driven in two 
directions, and the points of force applied to the hub-
driven part are different in the left and right direction. 
In this study, as shown in Figure.4, the structural 
analysis was performed by dividing into the left 
switching mode and the right switching mode. In 
order to compare the structural stability according to 
the switching drive mode, structural analysis was 
performed on the original product shape (Original 
case) using PVC material. The spring constant 
applied to the structural analysis was 21.32 N·mm, 
and the torsional moment and the spring force were 
calculated as 4160 N·mm and 332.56 N. As a result, 
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it was confirmed that the structure was weak due to 
the stress concentrated at the product break position 
in the field application. In addition, as shown in 
Figure.5, it is analyzed that the applied moment 
becomes larger and the stress concentration becomes 
intensified in the left driving mode (S/F=0.197) as 
compared with the right driving mode (S/F=0.271). 
This result is analyzed because the point of force in 
the left driving mode is farther away from the 
rotational supporting axis than the right driving mode. 
 

 
Figure. 4: Switching mode according to the lever operating 

direction 

 

 
Figure. 5: Structural safety factor comparison results 

according to switching mode (Original model, PVC material) 

 
It was decided to apply Ultem material to this study 
because it shows the best mechanical properties 
among polymer materials applied to 3D printing. In 
order to solve the problem of the original case, the 
structural analysis was performed after changing the 
design so as to distribute the stress concentration due 
to the shell structure by filling the inner space of the 
hub-driven component as shown in Figure.6-(a). In 
the case of the modified model (Case-I), the safety 
factor is calculated from the stress distribution in the 
left driving mode (S/F=0.924, Δ88.57%) and the right 
driving mode (S/F=1.861, Δ 197.76%). These results 
show that structural stability is greatly improved.  
However, as shown in Figure.6-(b), the stress 
concentration occurred in the neck part and the top 
plate part of the shaft assembly region in the left drive 
mode. In order to distribute the stress concentration, 
the shape dimensions were changed so as not to cause 
problems in the assembled constraint as shown in 
Figure.7-(a). In the case of the modified model (Case-
II) that compensates for the problem in Case-I, the 

stress distribution in the neck region is analyzed by 
structural optimization as shown in Figure.7-(b). As a 
result of the structural optimization analysis for the 
three models, Case-II had improved structural safety 
factors compared with Case-I in the left driving mode 
(S/F=1.243, Δ34.52%) and the right driving mode 
(S/F=3.156, 69.59%). Finally, the structural safety 
factor can be confirmed above 1.2 by the structure 
optimization design for the hub-driven component. 
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The lever lockup component of the full cord switch 
module is used to stop the rotation of the hub-driven 
component by the torsion spring when the field 
worker pulls the emergency stop line in an 
unexpected situation. The lever lockup component 
supports the combined force by the compression 
spring and the torsion spring of the hub-driven part in 
a cantilever shape. In this study, structural 
optimization is performed to improve the safety 
factor of the original structures and to release the 
stress concentration on damaged areas. As shown in 
Figure.8-(b), structural analysis of the original model 
showed that the maximum stress of 14.679 MPa was 
concentrated on the cantilever structure connection, 
and the stress was also concentrated on the shaft 
assembly part. The strength of the lever lockup 
component was increased by filling the space of the 
feature which did not cause any problems in the 
constraint of coupling to the pull cord switch module. 
Six rib structures were arranged in the circumferential 
direction on the shaft assembly part as shown in 
Figure.8-(a). The three ribs at opposite positions of 
the bending moments were designed to distribute the 
stress in compression and tension mode. 
 

 
 
As a result of the structural optimization design, the 
maximum stress (11.702 MPa) of the structural 
assembly part was reduced by about 21% as shown in 
Figure.8-(b). And the stress of the shaft assembly part 
was distributed by compressive and tensile stress 
modes through the rib structures. Also, as shown in 
Figure.8-(c), the safety factor by structural 
optimization increased by 26% from 5.99 to 7.52.  
 
V. MANUFACTURE PROCESS USING 3D 
PRINTING METHOD  
 
Structure optimized components of the full code 
switch module were fabricated using FDM 3D 

printing system (Fused deposition modeling, 
FORTUS 450mc, Stratasys) and Ultem material. And 
the processing time of 3D printing was about 5.5 
hours. In order to minimize the heat shrinkage 
problem of the Ultem material during the 3D printing 
manufacturing process, the chamber temperature was 
maintained at 120°C during the FDM process, and the 
temperature profile was cooled to room temperature 
after the 3D printing process. 

 

 
 

 
 
As a result of examining the dimensional changes in 
accordance with the shrinkage of the 3D printed 
components, a shape error of -0.32 to +0.19 mm 
occurred in the hub-driven component and a shape 
error of -0.21 to +0.62 mm in the lever lockup 
component. It was found that the measured shape 
error did not cause any problems such as interference 
in the assembly process. The manufactured 
components are assembled into a full cord switch 
module and applied to the coal yard site of the power 
plant as short-term replacement parts after operating 
performance test.  
 
CONCLUSION  
 
In this paper, we describe the research results on 
manufacturing the components of full-cord switch 
module which are used in power plant coal yard using 
3D printing method. We have studied about the hub-
driven and the lever lockup components which 
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frequently breaks due to frequent unexpected 
situations. In order to enable field workers to apply as 
short-term replacement parts using 3D printing 
method, we have studied on the structural 
optimization and 3D printing manufacture process 
technology. In the case of 3D printing technology, 
there are limitations on how to secure the structural 
stability through the material change because of 
limited 3D printing materials. Therefore, we have 
studied the method of securing the structural stability 
through the structural design optimization. In the left 
switching mode of the full cord switch module, the 
safety factor increased by 153.67% to 1.243, and in 
the right switching mode it increased by 404.96% to 
3.156. In the case of the lever lockup component, the 
structural safety factor was increased by 26% to 7.52 
by performing the structural optimization to minimize 
the damage caused by the bending moment due to 
repetitive switching operation. It is confirmed that 
components manufactured by the 3D printing method 
can be applied as short-term replacement parts when 
the damaged parts are difficult to respond promptly 
due to lack of stock or discontinuity.  
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