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Abstract: Mostly a microcontroller is built onto a single Printed Circuit Board(PCB). This board 
serves as a platform for interconnection between electronic components and acts mechanically 
support.The Printed Circuit Board(PCB) experiences mechanical burden  such as bending when 
subjected to man handling. In this paper, simulation of bending process on Printed Circuit Board(PCB) 
during depaneling was done. Ansys Version 11 software was used to study the stress response on the 
Printed Circuit Board(PCB) during bending process. Two 3D models Printed Circuit Board(PCB) were 
developed:one of the model with single through hole  located near constrained area and other model 
with three single through hole located at top, center and near the constrained area. The stress response 
of the two models have been compared. From the simulation results, it showed that the value of stress 
response of the Printed Circuit Board(PCB) increases with increasing displacement height. The Printed 
Circuit Board(PCB) model with three single through hole demonstared higher stress compared to the 
Printed Circuit Board(PCB) model with single through hole.  At displacement height of 5cm, the peak 
stress for both models were attained. 
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INTRODUCTION 

 
 A single- board microcontroller is a microcontroller built onto a single Printed Circuit Board(PCB). This 
board supply all the circuitry necessary for a useful control task: microcontroller, Random Access 
Memory(RAM), I/O port and any support Integrated Circuit(IC) chip (Anonymous, 2011). The intention is that 
microcontroller board is immediately useful to an application develop and beginner user, without to spend a lot 
time and effort to developing the controller hardware. Usually the microcontrollers are built as concept plug and 
unplug the electronic components on board. So, the reliability performance and durability of microcontroller 
board during fall or drop impact and the force to plug or unplug the chip on Printed Circuit Board(PCB) has 
become an important concern, due to student and application develop. The mechanical shock resulted from 
mishandling during assembly and delivery process may cause the Printed Circuit Board(PCB) board break, 
which leads to malfunction of product (Tong et al., 2004). Besides that, the speedy growth of the electronics 
industry necessitates the electronic device manufactured goods to be light weight, diminutive sized and compact. 
Hence, the miniaturized electronic component is needed by technology such as surface-mount was used to place 
components on the Printed Circuit Board(PCB) which functions as a back bone support during packaging 
assembly (Hai-feng et al., 2011). 
 The Printed Circuit Board(PCB) is utilized to support and supply interconnections to the passive and active 
components to conductive conduit.  The purpose of Printed Circuit Board(PCB) is towards electrically 
interconnect to all electronic components and  provide power and designed to dissipate the heat generated by 
the mounted components (Tummala, 2004). The huge production of electronic devices is done and these 
electronic devices are produced in a batch form. During huge production, the Printed Circuit Board(PCB) 
undergo board level assembly. After board level assembly done, the process is followed by a depaneling process 
which individualizes the Printed Circuit Board (PCB). The Printed Circuit Board(PCB) plates are subjected to 
mechanical bending process during the individualizes by depaneling process. The mechanical bending process 
will cause stress on the Printed Circuit Board(PCB) which may damage and reduce the reliability performance 
and durability of components mounted on the Printed Circuit Board(PCB) (Lau, 2005). The depaneling process 
will causes movement between the mounted components and the board which will damage the solder joint of the 
components (Jing-en et al., 2003; S. W. Ricky Lee, 2005). Therefore, the stress induced on the Printed Circuit 
Board(PCB) plates during the bending process and ways to make up the stress distributions have to be 
examined. 
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 Therefore, a study for the bending process of the Printed Circuit Board(PCB) plate is simulated. The 
simulation process was done by using commercial computational program, Ansys. The stress response during 
bending process is examined. To evaluate the stress response on Printed Circuit Board(PCB), two types design 
of Printed Circuit Board(PCB) were used, one model with single hole located near constrained area and one 
model with three holes located at top, center and near constrained area. Stress responses of two models were 
compared and the displacements height of Printed Circuit Board(PCB) plates were ranged from minimun 1cm to 
maximum 5cm. The bending process was duplicated by using a displacement scheme, where one end of the 
Printed Circuit Board(PCB) plate is constrained and the displacement is applied at the other end. 
 
Methodology: 
 The bending process was simulated by using Ansys version 11. Two 3 dimensional(3D) models were 
developed, one model resembles a Printed Circuit Board(PCB) plate with a single hole located at the near 
constrained area of the PCB plate. The other model resembles a PCB plate with three single through hole 
located at top, center and near constrained area of the PCB plate. These two models were developed by using 20 
Node Quadratic Hexahedron (Solid 186). The 3D models were then meshed with 69308 number of elements for 
the PCB plate with single hole and 67520 number of elements for the PCB plate with three single through hole. 
As for the single hole model, the diameter of the hole is 30 mm and it is placed at the end part of the left side, 
15mm from the constrained area of the model. For the three single through hole model, the diameter of each 
hole is 30 mm and it is placed at an equal distance from the end to top. The dimension of the PCB plate model is 
175mm x 250mm and the thickness is 1mm.  The models are shown in Figure.1. The material properties used 
in the simulation is shown in Table 1. 
 
Table 1: Material Properties Of FR4. 

Material FR4 

Young Modulus,E (Pa) 22x109 

Poison Ratio 0.136 

Density (kg/m³) 1850 

 
The loading and boundary conditions for both 3D model are applied as below: 
i. Displacement 
As the design is in three dimension(3D), there will be x, y and z axis. The displacement height is loading at the 
right end side of the PCB plate, towards the positive y axis direction. The values of displacement heightwere 
ranged in 1cm to 5cm. 
ii. Fixed Support 
The left end side of the PCB plate is contrained by applying fixed support at the negative x-axis. This results in 
no movement at left end side of PCB plate. 
In this analysis, Von Mises Stress is used as a criterion in this study to evaluate the stress response of the PCB 
plates during the bending process. 
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Fig. 1: The 3D model of PCB plates, (a)Without hole and (b)with three through hole. 
 

RESULTS AND DISCUSSION 
 
 The stress response of two types model Printed Circuit Board(PCB) plates during bending process was 
simulated by Ansys software. In this experiment, two types of PCB plates were modeled and simulated which 
are with a single hole located at the left end, near constrained area and with three single through hole located at 
top, center and near constrained area. The outcome of the PCB geometry on the stress response was examined. 
Both PCB plates were shift from height 1cm, 2cm, 3cm, 4cm, and 5cm. 
 Based on the Figure. 2, the maximum stress on both PCB plates are different by referring on the PCB plate 
geometry. For PCB plate with a single hole located at the left end, the maximum stress onto the board is lower 
compared the PCB plate with three single through hole located at top, center and near constrained area. For 
displacement height of 1cm, the stress response of PCB plate with a single hole located at the left end is 803420 
Pa. The stress response of PCB plate with three through holes located at top, center and near constrained area is 
809220 Pa 
 The maximum stress on both PCB plates are different by referring on the PCB plates geometry and shown 
on the Figure. 3. PCB plate with a single hole located at the left end, the maximum stress response the plate is 
lower compared the PCB plate with three holes located at top, center and near constrained area. For 2cm 
displacement height, the stress response of PCB plate with a single hole located at the left end is 1606800 Pa 
and the stress response of PCB plate with a three holes is 1618400 Pa. 
 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Stress vs Time for displacement height of 1cm. 
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Fig. 3: Stress vs Time for displacement height of 2cm. 
 
 Based on the Figure. 4, it is observed that the stress response is increasing with an increase in displacement 
height. For 3cm displacement, the stress response of PCB Board with a single hole located at the left end is 
2410300 Pa and the stress response of PCB Board with three holes located at top, center and near constrained 
area is 2427600 Pa. 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Stress vs Time for displacement height of 3cm. 
 
 Based on the Figure. 5, for 4cm displacement height the stress response of PCB plate with a single hole 
located at the left end is 3213700 Pa and the stress onto of PCB plate with three through hole located at top, 
center and near constrained area is 3236900 Pa.  
 
 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Stress vs Time for displacement height of 4cm. 
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 Based on the Figure. 6, for 5cm displacement height, the stress response of PCB plate with a single hole 
located at the left end is 4017100 Pa and the stress onto of PCB plate with a three holes is 4046100 Pa. 
 
 

 

 

 

 

 

 

 

 

 
 
Fig. 6: Stress vs Time for displacement height of 5cm. 
 
 In general, the PCB plate with three holes showed a slightly higher stress compared to the PCB plate with a 
single hole. This is because, when the PCB plates are subjected to depaneling a curvature bend exist on the PCB 
plates due to the mechanical bending (Lau, 2005). When PCB plate experiences the bending motion, stress is 
induced on the opposite side of the PCB plates which spreads along the width and length direction of the PCB 
plates (Tong et al., 2004). This can be seen in the stress contor of PCB model with a single hole in Figure.7 and 
three holes Figure.8. The stress which distributes along the width and length direction of the PCB may induce 
damage to the solder joints of the mounted components. The high stress induced in this region may induce crack 
on the solder joints if the bending effect is extended (Lau, 2005). Hence, a holes are placed at various positions 
from constrained area of the PCB to focus the stress distribution area to the hole structure as shown in Figure.7 
and Figure.8. The hole structure located near constrained area acts as a weak link since it could not repulse the 
opposing stress and hence the stress distribution will be directed to the hole structure. Hence, with three holes, 
the stress will be distributed at.each hole structure. This is why the 3 hole model showed a slightly higher stress. 
The holes will assist to reduce the stress distribution along the width and length direction of the PCB plate. 
Consequently the damage induced to the solder joints of the mounted components can be minimized as 
exhibited by the simulated results.  
 
 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Stress contour of the PCB plate with hole. 
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Fig. 8: Stress contour of the PCB plate with centric through hole. 
 
Conclusion: 
 In this study, the stress analysis during bending process was simulated using Ansys. The analysis was 
performed using 3D Models resembiling PCB plates with a single hole located near constrained area and a three 
holesthrough hole located at the center. From the simulation, it has been observed that the value of stress 
response of the PCB plates was increasing with increased displacement height. Thewith single hole located near 
constrained area PCB model exhibited higher stress compared to the with a three holeshole located in center 
PCB model. A single hole located near constrained area structure was utilized to focus the stress distribution on 
one area have higher stress response compared structure with a three holeshole located at center. This will 
reduce the stress distribution along the width and length direction of the PCB plate. Therefore the damage 
induced to the solder joints of the mounted components can be reduced. Highest stress response was obtained at 
the displacement height of 5cm for both models. 
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