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ABSTRACT 

 
This study improves the strength of dental 

implant system under the fatigue and torsion testing 
simulation. The fatigue safety factor and the von 
Mises stress for a three-piece implant model are 
evaluated via ANSYS software. Control factors are 
continuous in the design space so a uniform design 
(UD) is used to construct a group of simulation 
experiments. Kriging interpolation (KGI) is utilized 
to create the Kriging surrogate model (KGSM). In 
the multi-objective optimization strategy, the 
entropy weighting method (EWM), gray relation 
analysis (GRA) and genetic algorithm (GA) are 
integrated to obtain the optimal solution and values. 
Finally, after executing the UD and multi-objective 
optimization techniques, the fatigue safety factor of 
the optimal design has been increased to1.791, the 
von Mises stress is reduced to 364.65 MPa. Further, 
it shows a 29.59 % and 7.74 % improvement for the 
fatigue safety factor and von Mises stress compared 
with the original design. 
 

INTRODUCTION 
 

Dental implants have long been used as a 
treatment for tooth decay. One of the factors that 
influence the success of dental implant placement is 
the reliability of the bond between the implant and 

 
 
 
 
 
 
 
 
 

  
 

the surrounding bone (Sharma et al., 2020). Stable 
implant and bone bonds will greatly affect 
osseointegration.  Osteointegration is one issue 
that is faced. Topkaya et al., (2015) proposed that 
osseointegration be given more attention when 
developing dental implants. Because dental 
implants are not as strong as natural teeth, good 
dental implant design is one of the keys. Therefore, 
good implant design selection is important and can 
affect primary stability and osseointegration 
(Gehrke et al., 2019).  Good implant design aims 
to make the patient satisfied in terms of geometric 
design and structural robustness. 

Dental implant design has been the subject of 
numerous studies. Numerous research has 
examined the stability of osseointegration, static 
stress, and displacement (Cheng et al., 2015; 
Manchikalapudi & Basapogu, 2022; Jiang et al., 
2014; Milone et al., 2022; Paracchini et al., 2020) 
To investigate the stress distribution in the cortical 
and cancellous bone around two dental implant 
models, Paracchini et al. (2020) used finite element 
analysis. Milone et al. (2022) analyzed the 
comparison of stress distribution between zirconia 
and titanium dental implants. The method used is 
ANSYS software. Manchikalapudi and Basapogu 
(2022) used the ANSYS program to analyze the 
stress distribution on two types of implants with 
different crown materials. Additionally, 
micromotion (displacement) in cortical bone and 
cancellous bone under dynamic chewing loads may 
be calculated using ANSYS/LS-DYNA (Cheng et 
al., 2015; Jiang et al., 2014).  

Calculating fatigue life is the critical factor in 
calculating dental implant strength. There have 
been numerous studies on the effects of fatigue on 
life and behavior (Ayllón et al., 2014; Geramizadeh 
et al., 2018; Liu et al., 2016; Prados-Privado et al., 
2019; Darwich et al., 2022; Bayata and Yildiz, 
2020). Appling ANSYS software, Ayllón et al. 
(2014) investigated the fatigue behaviour and the 
stress intensity factor of the titanium dental 
implants. Using ANSYS software, Geramizadeh et 
al. (2018) evaluated the fatigue life of a dental 
implant model involved V-shaped threads. The 
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standard for assessing the fatigue limit and failure 
probability is ISO 14801. ANSYS/Workbench 
software and a titanium dental implant model were 
used in the study by Prados-Privado et al., (2019) 
and Liu et al., (2016). Darwich et al. (2022) 
completed research on fatigue stress with a 
custom-made all-on-4 implants system object by 
ANSYS software. Based on Finite Element 
Analysis (FEA), the failure analysis of Ti-6Al-4V 
implant systems was performed under real biting 
forces according to ISO 14801 by Bayata and 
Yildiz (2020).  

Reducing von Mises stress and deformation is 
one of the design optimization attempts. The von 
Mises stress and the deformation have been the 
subject of numerous investigations. The von Mises 
stress and deformation are essential in determining 
whether a dental implant is ideal, but they are not 
the only ones. Torsion plays a significant role in 
dental implant surgery, and torsion testing 
simulation is crucial for designing dental implants. 

The study calculates the fatigue safety factor 
and von Mises stress of a dental implant model 
using ISO 14801 fatigue and ISO 13498 torsion 
testing standards. To improve the design of the 
three-piece dental implant system, the uniform 
design of experiment is used to conduct a series of 
simulated experiments in the design space. Using 
SolidWorks, a 3D model of the three-part dental 
implant system (abutment, abutment screw, and 
implant) is created. The minimum fatigue safety 
factor and the maximum von Mises stress for each 
implant model are determined using 
ANSYS/Workbench software for fatigue and 
torsion testing simulations. The uniform table is 
then used to find the single optimal solution by KGI 
and GA techniques. The multi-objective 
optimization results are obtained by integrating 
EWM, GRA, and GA. The predicted and real 
analyzed results are compared, and the optimal 
design model and analysis results are finally 
obtained.  
 

FINITE ELEMENT ANALYSIS 
Three-Piece Dental Implant Model 

Figure 1 depicts the reconstruction of the 
three-piece dental implant base's geometric design 
using SolidWorks software. This three-piece dental 
implant system is referred to as the modified 
C-Tech dental implant system (Lerner, 2018) and 
comprises the dental implant, abutment, and 
abutment screw. The dental implant has a 
trapezium shape and a thread type. The critical 
parameters used in the design are thread length 
(TL), main diameter (MD), basic screw diameter 
(BSD), main thread pitch (MTP), secondary thread 
pitch (STP), and main thread depth (MTD), as 
shown in Table 1 and depicted in Figure 2. 

 

 
Figure 1. 3D model of the three-piece dental 
implant 

 
Figure 2. Geometric dimensions of the dental 

implant model 
 

Table 1.  Geometric properties of the three-piece 
implant system 

Basic 
screw 

diameter 
BSD 

(mm) 

Main  
diamet

er 
MD 

(mm) 

Second
ary 

thread 
pitch 
STP 

(mm) 

Thread 
length 

TL 

(mm) 

Main 
thread 
pitch 
MTP 

(mm) 

Main 
thread 
depth 
MTD 

(mm) 

2.1 4.3 0.2 9.7 1.0 0.3 

 
Fatigue Finite Element Modeling 

The Organization for International 
Standardization developed the standard for fatigue 
testing in 2003. In this paper, the fatigue finite 
elements analysis (FEA) is conducted using the ISO 
14801 standard. The axial load acting on the cap is 
300 N. Figure 3 shows the setup for the FEA for 
dental implants according to the ISO 14801 
standard. The fatigue tests in this study utilize fixed 
clamping devices and employ rigid and fixed 
clamping mechanisms.  

 
Figure 3. Fatigue testing of a dental implant for the 

ISO 14801 standard 
The safety component functions as the 

performance index for the fatigue test in this study. 



 
D. Yudistiro and Y.-C. Cheng: Optimization Design of a Three-Piece Dental Implant System. 

 -303- 

The safety factor represents the ratio of the 
structure's load-bearing capacity to the predicted 
load, which can come from static, dynamic, and 
impact forces, among others. The fatigue test safety 
factor is used to anticipate mechanical failure of 
dental implants and ensure the structural design 
does not fail. In this study, a dental implant is 
considered structurally safe if it has a safety factor 
greater than 1. 

For the fatigue testing simulation analysis, 
Table 2 shows the mechanical properties of four 
sections, including the implant, the abutment, the 
holder, and the cap. Utilizing Ti6Al4V, the implant, 
abutment, and abutment screw are built. Figure 4 
shows the Ti6Al4V SN-curve for the fatigue finite 
element calculations. (Janeček et al., 2015). 

 
Table 2. Mechanical Properties of the dental 

implant testing system 

Component Density 
(kg/mm3) 

Young’s 
modulus 
(MPa) 

Poisson’s 
ratio 

Implant, 
Abutment, 
Abutment 

screw 
4.5×10-6 1.1×105 0.35 

Cap 8×10-6 1.93×105 0.25 

Holder 4.5×10-6 3.5×103 0.3 
Specimen 

holder 7.85×10-6 2×105 0.3 

 

 
Figure 4. The SN-curve for Ti6Al4V 

 
The ISO 14801 testing standard specifies a 

boundary condition for the fatigue finite element 
analysis, as illustrated in Figure 5(a). The cap 
undergoes an external loading that is applied 
vertically. The minimum fatigue safety factor is 
calculated using ANSYS/Workbench software. The 
accuracy is enhanced through a convergence 
analysis for element meshing, where the size of the 
elements is determined based on changes in the 
magnitude of the fatigue safety factor for various 
distinct elements. If the difference in analysis 
results between two elements is less than 5%, it 
indicates that the analysis result has converged for 
all chosen elements. 

Figure 5(b) displays the results for various 
elemental sizes. A size of 0.25 mm is deemed 
optimal because the difference in simulation results 

between 0.25 and 0.2 mm is less than 5%. Figure 
5(c) displays the fatigue safety factor for this 
optimal elemental size, with a minimum fatigue 
safety factor of 1.382. This simulated endurance 
test demonstrates that the dental implants are safe 
for use. 

 

 
(a) 

 

 
(b) 

 

 
(c)  

Figure 5. (a) Setting for boundary conditions in 
FEA system, (b) the convergence analysis 
of the fatigue safety factor for various 
element sizes and (c) the fatigue safety 
factor distributions for the fatigue test 
simulation 

 
Torsion Finite Element Modeling  

Torsion testing is a crucial component of 
standard testing for dental implants. The process 
typically begins with the attachment of a dental 
implant body to the jawbone, followed by the 
attachment of other parts to create a dental 
prosthetic. The components must be securely 
attached to the dental implant body and able to 
withstand masticatory loads, including torsional 
loads.  

In order to evaluate the torsional yield 
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strength and maximum torque on a dental implant 
body or connecting endosseous dental implants, 
ISO 13498 (2011) was established in 2011. The 
implant body and connecting components are 
secured in a testing apparatus in accordance with 
this standard to determine the torsional yield 
strength and maximum  
torque. The maximum bond holder distance used to 
connect the implant body/connection to the 
specimen holders is 5mm. A static structural 
moment component of 1.533 N-m, which is a fixed 
part, is applied in one section. Figure 6 illustrates a 
typical torque test performed using a torsion testing 
apparatus. 
 

 
Figure 6. Torsion testing for the ISO 13498 

standard 
 

The torsion test simulation for ISO 13498 
uses boundary conditions, as depicted in Figure 
7(a). A torsional drive device is utilized to apply 
horizontal torsion to the specimen holder. Figure 
7(b) showcases the results for various elemental 
sizes, and it is determined that an elemental size of 
0.25 mm is optimal, as the difference between the 
simulation results for 0.25 and 0.2 mm is less than 
5%. The von Mises stress for this ideal elemental 
size is displayed in Figure 7(c), with the maximum 
von Mises stress for the dental implant system 
being 395.24 MPa. 

 

 
(a)  

 
(b) 
 

 
(c) 

Figure 7. (a) Setting for boundary conditions in 
FEA system, (b) the convergence analysis 
of the von Mises stress for various element 
sizes and (c) the von Mises stress 
distributions for the torsion test simulation. 

 
MULTI-OBJECTIVE OPTIMIZATION 

DESIGN OF AN IMPLANT 
Uniform Design of Experiment 

The primary stability and osseointegration of 
implants are essential factors in this study's 
discussion of the thread parameter. (Park et al., 
2009). This study uses several key characteristics. 
Table 3 shows some of the key design features of 
dental implants. Six control factors are used for the 
dental implant system: ITD, ITP, ATD, ATP, ABS 
and ATL. 

The design space is considered continuous 
because, as shown in Table 3, the control factors 
are continuous. As a result, the uniform design of 
experiments approach is employed to create a set of 
sample points that are evenly distributed in the 
continuous design space. (Fang and Wang, 1994) 
The uniform design method is a commonly used 
technique in several engineering fields. (Song et al, 
2016; Zhang et al, 2018; Lee et al, 2015) This 
approach requires fewer simulations to be run, thus 
saving time while improving quality and efficiency. 
The finite element analysis simulation is utilized to 
determine the fatigue safety factor and von Mises 
stress values, which are then uniformly distributed. 
The levels of other components in the simulation 
process are determined based on the uniformity of 
these values. A uniform design provides more 
information compared to simulations with fewer 
simulated samples. 

 
Table 3. Design ranges for the control factors 

Control 

Factor 

Lower  

bound 

Basic  

Value 

Upper  

Bound 

ITD (mm) 0.3 0.45 0.6 

ITP (mm) 0.5 0.75 1 

ATD (mm) 0.3 0.4 0.5 

ATP (mm) 0.3 0.75 1.2 

ABS (mm) 1 1.25 1.5 

ATL (mm) 4 5.5 7 

 
The Kriging model's accuracy improves as 
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the number of experiments increases, but this also 
requires more computational time. Hence, the 
number of experiments is limited. The minimum 
number of experiments required to start the Kriging 
model is determined by the minimum number of 
input points needed. The Kriging model needs to be 
initialized with at least 2n+1 design points, where n 
is the number of inputs. In this study, n inputs are 
used, so the minimum number of experiments, m, is 
calculated as 2n+1, which is m=2n+1. To optimize 
the simulation process while considering the 
restrictions of machine instrumentation, a uniform 
design of experiment (Fang and Wang, 1994) was 
used and each factor was assigned 18 levels. This 
resulted in 18 simulation tests being created using 
the uniform table ( )* 11

18 18U .   

The uniform design table ( )* 11
18 18U (Fang 

and Wang, 1994) is employed to conduct sixteen 
experiments, as illustrated in Table 4. Six control 
factors were considered in this implant design, 
including implant thread depth, pitch, abutment 
thread depth, pitch, abutment body size, and 
abutment thread length, and these factors were 
utilized in the uniform design table. The results of 
the sixteen experiments are displayed in Table 4. 
The 3D solid dental implant model for each 
experiment was created utilizing the SolidWorks 
geometric tool, and the simulation tests were 
carried out using ANSYS/Workbench. The results 
for the fatigue safety factor and the von Mises 
stress for the ISO 14801 and ISO 13498 tests, 
respectively, are presented in Table 4. 

In terms of simulation results, the original 
model has a fatigue safety factor of 1.38 in the 
fatigue test simulation and a von Mises stress of 
395.24 MPa in the torsion test simulation. The 16th 
experiment has improved the fatigue safety factor 
to 1.741, while the 4th experiment has decreased 
the von Mises stress to 345.61 MPa. However, 
these two results are not from the same experiment, 
thus requiring the use of a multi-objective 
optimization method to achieve the best design 
outcome. 

 
Table 4. (a) The experimental uniform design and 

(b) simulation results 
(a) 

Exp. 

No. 

ITD 

(mm) 

ITP 

(mm) 

ATD 

(mm) 

ATP 

(mm) 

ABS 

(mm) 

ATL 

(mm) 

1 1.900  4.120  0.204  9.35  1.082  0.365  

2 1.935  4.290  0.233  11.23 1.400  0.318  

3 1.971  4.470  0.262  8.64  1.047  0.271  

4 2.006  4.650  0.180  10.52 1.365  0.224  

5 2.041  4.820  0.209  7.94  1.012  0.400  

6 2.076  5.000  0.239  9.82 1.329  0.353  

7 2.112  4.060  0.268  11.70  0.976  0.306  

8 2.147  4.240  0.186  9.11  1.294  0.259  

9 2.182  4.410  0.215  10.99 0.941  0.212  

10 2.218  4.590  0.245  8.41  1.259  0.388  

11 2.253  4.760  0.274  10.29 0.906  0.341  

12 2.288  4.940  0.192  7.70  1.224  0.294  

13 2.324  4.000  0.221  9.58  0.871  0.247  

14 2.359  4.180  0.251  11.46 1.188  0.200  

15 2.394  4.350  0.280  8.88  0.835  0.376  

16 2.429  4.530  0.198  10.76 1.153  0.329  

17 2.465  4.710  0.227  8.17 0.800  0.282  

18 2.500  4.880  0.256  10.05 1.118  0.235  

 
(b) 

Exp. No. Safety factor  

Y1 

von Mises stress 

Y2 (MPa) 

1 1.556  359.04 

2 1.426  375.64 

3 1.735  402.47 

4 1.479  345.61 

5 1.610  396.26 

6 1.714  364.18 

7 1.320  386.87 

8 1.393  351.87 

9 1.461  419.91 

10 1.470  399.94 

11 1.426  386.76 

12 1.627  375.54 

13 1.530  380.31 

14 1.476  379.66 

15 1.548  391.80 

16 1.741  369.65 

17 1.559  402.31 

18 1.500  370.43 

 
Surrogate Model Creation 

When the direct evaluation of a result of 
interest is not feasible, a surrogate model is used to 
model the outcome. In this technique, output data is 
collected from complex system simulations, and 
surrogate models are developed to statistically link 
input data to output data. This study employs 
Kriging Interpolation (KGI), a stochastic 
interpolation method, to transform discrete 
experimental data into a continuous model. KGI 
has been widely used in engineering problems and 
is capable of handling a certain amount of noise and 
various types of experimental results. (Gu et al., 
2007; Lee et al., 2015; McLean et al., 2006; 
Simpson et al., 2001)  

Based on the Gaussian correlation function 
and zero-order regression, the Kriging surrogate 
model (KGSM) of the unknown response function 
can be expressed as the following equation: The 
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following equation is the Kriging surrogate model 
(KGSM) ( )ŷ x of the unknown response function 

( )y x  based on the Gaussian correlation function 
and zero-order regression. (Lophaven et al., 2012) : 
( ) ( ) ( )1ˆ Ty β β−= + −x r x R Y F   (1) 

 In equation (1), { }1 2, , , px x x=x   signifies a 
vector with unidentified input variables. The 
number of unknown variables is p. ( )r x  
expresses an n-dimensional vector and is a function 
of the unidentified input variables. For an unknown 
function, 1 2{ , , , }T

ny y y=Y   denotes a known 
response vector. F  is an n-dimensional column 
vector with all ones. ij n n

R
×

 =  R  indicates a 

known square matrix and is evaluated by 

( )2

1
exp ,   

1, 2, , ,   1, 2, ,

p

ij m im jm
m

R x x

i n j n

θ
=

 = − −  

= =

∏
 

 (2) 

Moreover, β  specifies a known constant and is 
determined by 

( ) 1T Tβ
−

= F RF F RY   (3) 
In this study, the primary objective is to evaluate 

the fatigue safety factor and von Mises stress of the 
dental implant system. The input and output data 
obtained from the Uniform Design (UD) technique 
as presented in Table 4 are used to calculate the 
Kriging Surrogate Model (KGSM) of the target 
function. The calculation procedure is outlined in 
detail below: 

( ) ( ) ( )1
mˆ Ty β β−= + −x r x R Y F  (4) 

 
Grey Relation Analysis 

In the field of Grey system theory, the original 
GRA algorithm was developed by Deng (1982). 
GRA is employed in complex systems with 
multiple variables and components to tackle 
difficult problems. This analytical approach 
incorporates geometric computing and the criteria 
of ordinariness, regularity, and totality. GRA is 
utilized in various industries to establish the 
connections between a system's control variables 
and its analysis outcomes. (Hsiao et al, 2017; Kuo 
et al, 2008; Yamaguchi et al, 2005)  

The input data is first normalized, and the grey 
relational coefficients are calculated. The grey 
relational grades (GRG) are then determined using 
the weight assigned to each objective function. The 
optimal weight for each objective function is 
determined using the EWA in this paper. The 
procedure for the Grey Relational Analysis (GRA) 
is illustrated in Figure 8, and further details can be 
found in the work of Huang and Lin (2009). The 
grey relational coefficients ( )0i jγ and GRG 0iΓ are 
determined as: 

( ) ( )0
0

min max
maxi

i

j
j

γ ∆ + ∆
=
∆ + ∆

 (5) 

( )0 0
1

k

i j i
j

W jγ
=

Γ = ∑  (6) 

Where ( ) ( ) ( )0 0i ij x j x j∆ = −  is the difference 

in the absolute values of ( )0x j and ( )ix j , 

( )0max max ij
j

∀
∆ = ∆  expresses the maximum 

value of ( )0i j∆ , ( )0min min ij
j

∀
∆ = ∆  is the 

minimum value of ( )0i j∆  and jW   is the 
weight of attribute j.  
 

 
Figure 8. The evaluation process for GRA 

 
Entropy Weight Analysis 

This study uses an innovative methodology to 
achieve the multiple objective optimization design 
for an EABF, encompassing UD table, KGI, GA, 
EWA and GRA. Figure 10 shows the optimization 
design strategy to create the best design. The 
justification and the numerical results are detailed 
below. 
Step 1. Using EWA and the UD results, calculate 

the appropriate weights. 
The appropriate weight for each objective function 
from EWA, (0.54, 0.46), is determined using the 
FEA results given in Table 4. 
Step 2. For a single objective optimization result, 

produce a KGS model using KGI and GA. 
Using the UD results in Table 4 and KGI method, 
the KGS models have been generated to obtain 
each objective function. Applying the GA technique, 
the optimal value for each single objective function 
has been established as shown in Table 5. 

 
Table 5. Optimal value for the single objective 

optimization design 
Objective 
function Y1 Y2 (MPa) 

Optimal value 1.757 339.22 
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Figure 10. Multiple objective optimal design 

process 
 

Step 3. Using GRA, the GRG is evaluated by the 
ideal weights from the step 1 and the 
normalized values of each objective 
function. 

Applying the best value from Table 5, the UD 
outcomes in Table 4 for each objective function are 
normalized. Substituting the optimal weights that ae 
calculated using the EWA to the GRA method, the 
GRG is shown in Table 6. 

 
Table 6. Results for the GRG 

Experiment No. Gray relation grade 

1 0.640  

2 0.494  

3 0.738  

4 0.701  

5 0.558  

6 0.803  

7 0.426  

8 0.605  

9 0.420  

10 0.454  

11 0.462  

12 0.629  

13 0.533  

14 0.504  

15 0.516  

16 0.840  

17 0.503  

18 0.549  

 
Step 4. Using KGI and GA, calculate the optimal 

GRG and the optimal solution. 
The KGI method is used to construct a GRG 
surrogate model. The functional linkages between 
the control variables and the objective function are 
built by KGI technique. The KGS model of the 
GRG value also describes the functional 
relationship. The optimal GRG and solution are 
determined using GA and the results are shown in 
Table 7. The optimal design for an EABF system is 
the geometrical dimensions of the ideal frame. The 
best GRG, which is greater than every other GRG 
in Table 6, is 0.842. 
 

Table 7. Optimal solution and the GRG 
Optimal solution for implant 

ITD 

(mm) 

ITP 

(mm) 

ATD 

(mm) 

ATP 

(mm) 

ABS 

(mm) 

ATL 

(mm) 

2.423  4.539  0.197  10.753  1.160  0.331  

 
Step 5. Applying the KGS model for Y1 and Y2, 

the predicted value for each objective 
function is assessed. 

The final optimization solution is shown in Table 7. 
In Table 8, the predicted optimal values for each 
objective function are clearly derived via the KGS 
model of Y1 and Y2. It contains the errors for the 
estimated optimal values and real analysis values 
for Y1 and Y2. 
Step 6. The validation for the predicted and real 

simulated value by the software packages 
SolidWorks and ANSYS/Workbench. 

Applying the SolidWorks and ANSYS/Workbench 
software, the real fatigue safety factor for the 
fatigue test simulation and the real von Mises stress 
for the torsion test simulation of the optimal 
implant model is determined. The errors between 
the predicted and the actual values for Y1 and Y2 
are shown in Table 8. The respective predicted 
errors for Y1 and Y2 are 2.11 % and 0.65 %. The 
optimization process is complete because all of the 
predicted errors are less than 3%. The fatigue safety 
factor and von Mises stress for the optimal design 
of an implant model are illustrated as shown in 
Figure 11. 
 

Table 8. Optimal predicted value and predicted 
error 

Objective 

function 

Predicted 

value 

Real 

value 

Predicted 

error (%) 

Y1 1.754 1.791 2.11 

Y2 (MPa) 367.03 364.65 0.65 

 
Table 9 shows the fatigue safety factor and von 
Mises stress values and increments for various 
phases. The fatigue safety factor is 1.741 after the 



 
J. CSME Vol.44, No.4 (2023) 

 -308- 

UD of experiment. Moreover, the von Mises stress 
is improved to 369.65 MPa after the UD of 
experiment. The respective improvements in Y1 
and Y2 are 25.97 % and 6.47 %. The fatigue safety 
factor increases to 1.791 after the multiple objective 
optimization and the von Mises stress decreases to 
364.65 MPa. The respective improvements in Y1 
and Y2 are 29.59 % and 7.74 %. All of the fatigue 
safety factor and von Mises stress for the ISO 
14801 and ISO 13498 test simulations show an 
improvement. 

 
Table 9. FEA values and improvement rate for 

various phases 

Phase 
Objective 

function 

Analysis 

value 
Error (%) 

Original design 
Y1 1.382  

Y2 (MPa) 395.24  

After UD 

technique 

Y1 1.741 25.97 

Y2 (MPa) 369.65 6.47 

After 

multi-objective 

optimization 

Y1 1.791 29.59 

Y2 (MPa) 364.65 7.74 

 

 
(a) 

 

 
(b) 

Figure 11. The distribution of (a) the fatigue safety 
factor and (b) the von Mises stress for 
the improved design for fatigue and 
torsion testing simulations. 

 
CONCLUSION 

This study investigates the strength of a 
three-piece dental implant system using 

ANSYS/Workbench software. The fatigue safety 
factor and the von Mises stress are calculated based 
on the ISO 14801 and 13498 testing standards, 
respectively. The optimal elemental size for each 
implant model is determined through a convergence 
study by analyzing the meshing quality of the finite 
element analysis using different elemental sizes. 
Using UD and KGI techniques, the KGSMs of the 
fatigue safety factor and von Mises stress are 
obtained. Integrating EWM, GRA and GA process, 
the optimization design of a three-piece dental 
implant system is completely found. The 
optimization led to an increase of 29.59% in the 
fatigue safety factor and 7.74% in the von Mises 
stress, resulting in a superior dental implant system 
compared to the original design. As a result, the 
multi-objective optimization design procedure that 
is suggested results in a design for the three-piece 
dental implant system. 
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利用均勻設計與灰關聯分

析法於三件式牙根之最佳

設計 
 

余達南、鄭永長 
國立高雄科技大學機電工程系 

摘 要 

本研究使用疲勞和扭轉測試模擬分析，提高了牙

根系統的強度。利用ANSYS 軟體，進行三件式

牙根模型的疲勞安全係數和 von Mises 應力評

估與計算。因為全部的控制因子在設計空間中是

連續的，所以，採用均勻實驗設計(UD)來構建一

組模擬實驗。使用Kriging插值法(KGI)建利克利

金代理模型(KGSM)。在多目標最佳化過程中，

結合了熵權法(EWM)、灰關聯分析(GRA)和基因

演算法(GA)來得到最佳解和最佳值。最後，在執

行UD和多目標最佳化流程後，最佳設計的疲勞

安全係數提高到1.791，von Mises應力降低到

364.65 MPa。 此外，與原始設計相比，疲勞安

全係數和 von Mises 應力分別提高了 29.59% 
和 7.74%。




