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A study on the design of compact robot for dental implant
surgical assistance
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ABSTRACT

A Study on the design of compact robot for dental implant

surgical assistance

Park Young Hwan
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

The professionalism of the medical team and the experience as well as cooperation
system are important factor in the implant operation. However, in spite of operation
planning, the precise implant operation can not be performed because the factor such as
hand shaking of operator and the variation of teeth hardness deteriorate drilling
accuracy. In this reason, the demand of implant robot which can be applied from the
operation planning level is increased.

The assistant robot for dental implant surgery(ARDIS) is semi- automatic robot with
RCM(Remote Center of Motion) manipulator. After preplanning, which can produce the
accurate 3D coordinate of implant location based on the 3D CT(Computerized
Tomography) image, is performed, this robot can position the drill precisely to the

planed implant location and control the angle and depth of drilling. ARDIS can reduce

- VII -



the fabrication process for surgical guide and save the overall operation time.

In this research, the mechanism design to minimize the implant assistant robot with
the analysis results of formerly developed RCM manipulator is proposed. The structure
was changed and the interference part among moving links was minimized in order to
increase the angular motion of the handpiece.

The size and angle of each link was determined numerically using Solidworks
software to fit the 15mm drilling depth because the fixture should be inserted more
than 10mm depth. The vibration and structural analysis were performed to evaluate the
virtual performance of RCM manipulator using ANSYS Software. The result shows that
deformation was less than 0.26mm, and the strain was 2.2402e-004mm/mm under the
similar condition of actual operation.

The mechanism design was also verified by two experiments. One experiment was
that measured handpiece angle according to input signal with the developed operation
software and the gyro-sensor of smart phone. The tracking error was 0.25°, which was

within tolerance limit. The other experiment was drilling the hole in the gum model.
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Fig. 2-1 Structure of implant!"”
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Fig. 2-5 Photograph of manufactured VC manipulator’"”’
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Fig. 2-6 Trajectory generator

Table 2-1 System specifications of VC manipulator'"”

System Spec.

Motorl worm gear 1/180, 360 °

Motor2 Ball screw @ 8 leadl, cross roller, £10mm
Motor3 Ball screw @ 8 leadl, cross roller, £60mm

Clinometer sensor

SA1, +60 °, resolution : 0.1 °

Infrared displacement sensor

LK-501, £250mm, resolution : 1um

Link

Aluminum-7016
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Fig. 3-1 Angulation methods of manipulator™"!
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Fig. 3-4 Expansion of 1 DOF double parallelogram linkage
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(b) Perpendicular end-effector

Fig. 3-5 Coincidence methods of end-effector and remote center of motion'”"

_26_



(b)

(©)

[24]

Fig. 3-6 Expansion of 2 DOF double parallelogram linkage
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Fig. 3-7 CATIA design of RCM manipulator’™”’

Table 3-1 Specifications of design for RCM manipulator'™”

Component Spec.
L, 377.36mm
L, 320mm
Ly 200mm
Drilling depth <10mm
Handpiece angle +145°
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(a) Downsizing RCM linkage

Fig. 3-9 Drawing of compact design
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Table 3-2 Input conditions for FEA

Properties of Aluminum-6061

Density 2700 kg/m’
Young’s Modulus 690 GPa
Poisson’s Ratio 0.33
Tensile Yield Strength 276 MPa

Tensile Ultimate Strength 310 MPa

Mesh
Mass 7.6Kg
Nodes 106554
Elements 57005

Fixed support
25N

Fig. 3-10 Boundary conditions for FEA
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Table 3-3 Results of static structural analysis

Equivalent elastic strain Equivalent stress Total deformation
Minimum 6.6242¢-016 m/m 1.3248¢-010 Mpa 0 mm
Maximu 2.2402¢-004 m/m 44.804 MPa 0.2568 mm

(a) Equivalent elastic strain
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(b) Equivalent stress

(c) Total deformation

Fig. 3-11 Static structural analysis of RCM manipulator during drilling process
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(a) 1st mode(35.334Hz) (b) 2nd mode(63.927 Hz)
——— '

(d) 4th mode(130.06 Hz)

(e) 5th mode(144.16 Hz) (f) 6th mode(184.03 Hz)

Fig. 3-12 Modal analysis of RCM manipulator
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Table 3-4 Harmonic analysis data output option

Arvplitude (mm)

Range minimum 10 Hz
Range maximum 60 Hz
Solution intervals 100 Steps

oan

0s

o

o4

82

o

8

Ju.Ltlll.i & <] 40,

Frequency (Hz)

Fig. 3-13 Results of harmonic analysis
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Fig. 3-15 Torque measurement



Fig. 3-16 Photograph of force gauge

Table 3-5 Specification of force gauge

AFG 100N
Sampling rate 5000 Hz
Resolution 1:5000
Capacity range 2.5~2.5kN
Units N, Ibf, kgf
Accuracy +0.1% of full scale
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Table 3-6 Specifications of selected motor

AS50K-M566(W)-G10
Max allowable torque 50 kgf-cm
Rotor moment of inertia 280 g-cm?
Rated current 1.4 A/Phase
Each basic step 0.072° / 0.036° (Full/Half step)
Gear ratio 1:10
Permissible speed range 0~180 RPM

_43_



PNP Bl A28 & AL§3IAth BH 3 s
o FehHSIT. Fig. 3-17()sh 2ol 1822 B e & e B2 A5E Y4aH Be S

Fig
TEe L) M AR ~u A5 E o] ga] Ao Fig. 3-170)9) 282 E}g)

B
W ogrtgo g g At BHE A5 Hd Al 3= UMI(Universal Motion
F3 EY =gtelno Agdt BH =golE 5 EHE F53H]
7

/29 A AEE A ae

o
o
il
i
-
of
¢
fols
il
%
o
>
Ly
b
i)
o

_44_



Actuator ’ Front \ Back Back a

Behavior

Driver Power oN
Input OFF

PLS Input oy |||'|| |||'

ON—]
DIR Input [~

(a) 1 Pulse type
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(b) 2 Pulse type

Fig. 3-17 Methods for controlling rotation direction of motor”"
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Fig. 3-20 Front panel of drilling virtual instrument
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Table 3-7 Specifications of HTC-X515E

CPU 1.2 GHz dual-core processor
RAM 1 GB
oS Android 2.3 Gingerbread
Size 126 x 65 x 12.05 mm
Weight 160 g

Gyro Sensor, G-Sensor, Digital
Sensors Compass, Proximity Sensors, Light

Sensor

_50_




Fig. 3-213% &t =¥

[e)

Ad 2

W TR T B o W
A" & P wE R
BOROT Tl o
s gzwren 5
1i_wT§%§ )5
oo o X s
@rmudr%_wmw_v o
5@%7(0} =)
I A T &
~ o T . % A
Mo Ty B -
oy o u[E o 5z ™ o
wOF o R o~ W =
o B ogx W Lml 2 i
mﬂﬂﬁﬁommﬂuio,*ﬂ. w
ﬂmnme Em@ldl
How — Bool g o 1t "
ﬂjmﬂ,/yjﬂkuw )
x4 Mr e BT | =
®ow oy B o T °
ﬂmcwivﬂﬁ_ﬁ . =
= oo X ¥
S G % 2
# X gl 5w LA v
A L e g =
Kofom ™o oW R 5. o
TN M AR T o b o ; 5
Dmoe Mg Eoo - =
A R
R G z &
JI_AO] JIMﬂFﬂ o
o e~ T om c
D NS . p oo B =
i UNE By o ol =
ﬁﬂiﬁuq&]wxﬂﬁﬂoj m
%%.@Wﬂwiﬂ%i
= B g owow
o N M OB S OB W W

Fig. 3-21 Angular measurement of RCM manipulator
- 51 -



Fig. 3-22 Calibrated protractor origin for initial position

Table 3-8 Angular according to pulse

Pulse Variation( °) value( °)
1000 0~-14 14
2000 -1.4~-49 35
3000 -49~-10 51
4000 -10~-17 7
5000 -17~-25.7 3.7
6000 -25.71~-36.1 104
=7000 -36.1~-24 121
-8000 -24~-10.1 139
9000 -10.1~-25.7 156

-10000 -25.7~-8.4 17.3
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Fig. 3-23 Calibration for output pulse
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Fig. 3-24 Angle error due to pulse

_53_



prig

5. 717

Fig. 3-259} Zo] LabVIEW® A 2+st T2 7

41 mme]al 3| dE 1500 RPM&

2.
=

o] B A E(fixture)

—
"o

B

et

foe =g 19 044

S

| @&

0

3 mm/s, 5 mm=% ¢

e

bl

B8R

—_
"o

2
ol

By el =gy

, 10 mm=

6 mm/s

Fig. 3-260° el dth

Fig. 3-25 Driving RCM manipulator

_54_



Fig. 3-26 Photograph of gum model after drilling
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