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ABSTRACT

A Study on Design and Structure Analysis for the Miniaturization

of Artificial Tooth-Root Implant Assisted Robot

Lee, Dong Woon
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

The global increase in elder individuals has led to the increasing incidence of edentulous
jaw cases. Thus, the increase in edentulous jaw caused by the aging population has led to
personal dental health concerns. In addition, the global dental implant market is growing. In
particular, the population in Korea is aging faster than those in other countries. Therefore,
the growth rate of the domestic dental implant market exceeds the global average growth
rate. Moreover, recipients of health insurance expanded in 2014, and the market size of
dental implants is growing steeply. The growth of this market has resulted in increasing
activity associated with studies related to dental implants. In the case of dental implant
surgery, the duration of a patient's recovery depends on the surgical plan and physician
ability. A device is required to control and assist a physician in controlling vibration and

difference in operation experience, and prescribing treatment plan given the patient's

- VII -
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condition.

In this paper, the miniaturization of artificial tooth-root implant assisted robot has been
studied. Structure and vibration analysis of two implant assisted robots were performed, and
the structural stability was compared and analyzed. Furthermore, a virtual prototype of a
artificial tooth-root implant assisted robot was produced and simulated. Hence, the state of
the RCM point and driving state of the manipulator were confirmed. Drilling experiments
were performed by using materials similar to a jawbone to evaluate the performance of the

two implants performed with robot assistance.
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pg (50.57%125.2
pgn (57.53\121.66)
N

(b)

Fig. 2-4 Oral maxillofacial position point''!

Table 2-1 Distance between reference points!'

Reference point Kér‘ézgagrrelaizs?n?rfn) Note
sSp-is 29.67 spinal point - incision superius
sSs—pm 47.83 subspinale - pterygomaxillare
Sp-pm 50.89 spinal point - pterygomaxillare
pg-tgo 79.54 pogonion - prognathion
n-sp 56.00 nasion - spinal point
sp-gn 70.75 spinal point - gnathion
n-gn 125.48 nasion - gnathion
sS-pm 49.91 sella - pterygomaxillare
ar-tgo 53.89 interilzii?c}iriet_wggr? ifintar?é RL
s-tgo 89.14 sella ];eE\};eeepiloi;/[tLofarilgt%iection
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Table 2-2 Anatomical name of reference points

[15]

Reference point Anatomical name
S Sella. the center of the sella turcica
n Nasion. the most anterior point of the frontonasal suture
sp Spinal point. the apex of the anterior nasal spine
.s Subspinale. the most posterior point on the anterior contour of
the upper alveolar precess
as The apex of the root of the upper central incisor
i Incision superius. the midpoint of the incisal edge of the most
prominent lower central incisor
i Incision inferius. the midpoint of the incisal edge of the most
prominent lower central incisor
ai The apex of the root of the lower central incisor
- Prosthion. the most antero—inferior point on the mandibular
D symphysis
d Infradentale. the most antero-superior point on the lower
alveolar margin
Pogonion. The most anterior point on the mandibular
bg symphysis
n Prognathion. The point on the mandibular symphysis farhest
be from condylion
gn Gnathion. the most inferior point on the mandibular symphysis
tgo The point of intersection between ML and RL
Pterygomanillare. the intersection between the nasal floor and
pm . .
the posterior contour of the maxilla
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Table 2-3 Distance to the mandibular canal

Molar teeth(mm) Premolars teeth(mm)
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Fig. 2-8 Components considered in dental implant drilling!"”
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(c) Growing distance between two axes



Detect |
Rotation:

(a) Angle control in conventional manipulator

¥

(b) Angle control in VC manipulator

Fig. 2-9 Angulation methods of manipulator!'”

2

Fig. 2-10 Parallelogram RCM mechanism!"’
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Fig. 3-1 Design of first model
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Table 3-1 Input conditions of first model for analysis

Mesh
Mesh Type Solid mesh
Nodes 167985
Elements 86119

Properties (AA 6061) - manipulator

Young's modulus 75 GPa
Poisson’s ratio 0.33
Density 2700 kg/m”
Tensile Yield Strength 275 MPa

Properties (Carbon Steel) - handpiece

Young's modulus 190 GPa
Poisson’s ratio 0.27
Density 7845 kg/m®
Tensile Yield Strength 353.4 MPa

Boundary condition

- Fixed support

Static structural analysis - 24N force in handpiece drill
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(b) Total Deformation

C: Static Structural ic:

Equivalent Stress - Equivalent I AN
Type: Equivalent (von-Mises) Stress Type: Equivalent Elastic Straln
Unit:Pa Unit m/m

Time: 1 Tirmes 1
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—| 000014232
B 711ces
2.0627e-14 Min

o 23591e6
0.00028258 Min

(c) Equivalent Stress (d) Equivalent Elastic Strain

Fig. 3-3 Structural analysis of first model

Table 3-2 Structural analysis of first model

Test Total Equivalent Equivalent Safety
Force Deformation Stress Elastic Strain Factor
24 N 0.403 mm 30.232 MPa | 6.4044e-004 m/m | 9.096
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Table 3-3 Input conditions of first model for natural frequency analysis

Analysis range Solution Intervals

8 ~ 50 Hz 100 steps

Table 3-4 Natural frequency of first model

Mode Frequency (Hz)
1 st 40.351
2 nd 74.262
3 rd 101.01
4 th 135.06
5 th 17712
6 th 216.06
— 97 -
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(a) 1st mode(40.351 Hz) (b) 2nd mode(74.262 Hz)

(c) 3rd mode(101.01 Hz) (d) 4th mode(135.06 Hz)

(e) 5th mode(177.12 Hz) (f) 6th mode(216.06 Hz)

Fig. 3-4 Mode of first model
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Fig. 3-5 Flow chart of multi-body dynamic analysis
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Table 3-5 Input condition of first model for multi-body dynamic analysis

Simulation time 4 sec

roll motion : fix
Input yvaw motion : + 27.685

depth motion : fix

Motor 1 part revolute joint

Motor 2 part revolute joint

Motor 3 part translational joint
Measurement angle of drill, position of RCM point

Depth motion
(motor 2)

y RCM point I Yaw motion
\ (motor 2) Roll motion
) ©® ® ® © | (motorl)
x

Fig. 3-6 Schematic diagram of first model for multi-body dynamic analysis
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Fig. 3-8 Displacement of RCM point by yaw motion
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Fig. 4-1 Design of second model
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Table 4-1 Input conditions of second model for analysis

flo
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D)
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ko
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Mesh
Mesh Type Solid mesh
Nodes 831592
Elements 451451
Properties (AA 6061) - manipulator
Young's modulus 75 GPa
Poisson’s ratio 0.33
Density 2700 kg/m*
Tensile Yield Strength 275 MPa
Properties (Carbon Steel) - handpiece
Young's modulus 190 GPa
Poisson’s ratio 0.27
Density 7845 kg/m’
Tensile Yield Strength 353.4 MPa

Boundary condition

- Fixed support

Static structural analysis - 24N force in handpiece drill
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1

(a) Boundary conditions for FEA (b) Total Deformation

(c) Equivalent Stress (d) Equivalent Elastic Strain

Fig. 4-2 Structural analysis of second model

Table 4-2 Structural analysis of second model

Test Total Equivalent Equivalent Safety

Force Deformation Stress Elastic Strain Factor

24 N 0.221 mm 47.296 MPa 6.447 m/m 6.565
- 36 _
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Table 4-3 Input conditions of second model for natural frequency analysis

Analysis range Solution Intervals

8 ~ 50 Hz 100 steps

Table 4-4 Natural frequency of second model

Mode Frequency (Hz)
1 st 31.462
2 nd 58.589
3 rd 84.377
4 th 1115
5 th 116.67
6 th 153.71
- 37 -
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(a) 1st mode(31.462 Hz) (b) 2nd mode(58.589 Hz)

(c) 3rd mode(84.377 Hz) (d) 4th mode(111.5 Hz)

(e) 5th mode(116.67 Hz) (f) 6th mode(153.71 Hz)

Fig. 4-3 Mode of second model
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Roll motion
(motor 1)

Depth motion
(moter 3)

Yaw motion RCM point
(motor 2)

Fig. 4-4 Schematic diagram of second model for multibody dynamic analysis

Table 4-5 Input condition of second model for multi-body dynamic analysis

Simulation time

4 sec

Input

roll motion : fix
yaw motion : * 29.4615

depth motion : fix

Motor 1 part

revolute joint

Motor 2 part

revolute joint

Motor 3 part

translational joint

Measurement

angle of drill, position of RCM point

Collection @ chosun
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Fig. 4-5 Angle of handpiece and drill by yaw motion
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Fig. 4-6 Displacement of RCM point by yaw motion
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Fig. 5-1 Artificial material similar to jawbone
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Table 5-2 Conditions of drilling performance experiment using the first model

Model Size of specimen | Speed of drill Depth
Note
name (mm) (rpm) (mm)
D1 / D2 32.3x32.3x30 1500 10.0 5000 step

Fig. 5-2 Specimen tested with the first model
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B AdFEAL A S o] 83 13 nd =¢8] A5 23 A]AS micro CTE F3
2ol kol 238k th micro CTY el & SMX-225 CTolaL =4 Specs Table 5-3

Table 5-3 Specification of micro CT

. Image
Model Focus size | nase CCD camera Sample
name (gm.) 1nt§ns1fler (Pixel) stage
' (inch)
Shimadzu . 300mm(®) x
Min. 4 9/75/6/45 1M
SMX-225 CT 300mm(H).9%kg

Table 5-4 First model drilling performance experimental data

D.rill Specimen Top of the Bottom of Depth Deviation of
size hole the hole hole
(D) grade (mm) (mm) (mm) (mm)
D1 2.3303 2.3746 8.8530 0.0442
- D2 2.8215 2.6255 8.7113 0.1960
D1 3.0636 2.8357 8.8291 0.2279
. D2 3.1138 2.8777 9.1200 0.2361
D1 3.7009 3.2083 8.2441 0.4925
- D2 3.2838 3.2930 8.7594 0.0091
D1 4.2052 3.6968 - 0.5083
> D2 40877 37842 - 0.3034
D1 4.3202 4.3113 - 0.0089
0 D2 4.6852 4.3236 - 0.3616
- 45 -
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Bottom

(a) Baseline of tomography

(b) Image of tomography

Fig. 5-3 Image of first specimens taken with micro CT
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Table 5-5 Conditions of drilling performance experiment using the second model

Size of specimen Speed of drill Depth
Model name Note
(mm) (rpm) (mm)
D1 / D2 32.3x32.3x30 1500 10.0 25 signal

Fig. 5-4 Specimen tested with the second model

_47_

Collection @ chosun




Table 5-6 Second model drilling performance experimental data

Drill Specimen Top of the Bottom of Depth Deviation of
size pec d ¢ hole the hole (ml;) hole
(@) grade (mm) (mm) (mm)

D1 2.4887 2.6060 9.7656 0.1173
2.5

D2 2.4806 2.5526 10.4222 0.7191

D1 2.8384 2.7577 9.7983 0.0807
2.8

D2 2.8571 2.8611 10.9101 0.0040

D1 3.1966 3.1716 10.1230 0.0250
3.2

D2 3.1648 3.2538 10.0195 0.0889

D1 3.6629 3.6900 - 0.0270
3.7

D2 3.6922 3.7740 - 0.0818

D1 4.3190 4.3051 - 0.0779
43

D2 4.2679 4.3263 - 0.0583
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Fig. 5-5 Image of second specimens taken with micro CT
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