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ABSTRACT

A Study on Design of Dental Manipulator using

Double Parallelogram Linkage

Sung Been Im
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

There are much technical progresses in dental implantology. Development of
CT(Computerized Tomography) and 3D visualization technique help to make the
treatment plan and the surgical navigation assists the dentist during the
intraoperative phase. Regardless of the technical progress the "freehand" drilling of
implant is performed frequently in the numerous implant surgery. In spite of the
excellent preoperative plan, the hand tremble of a dentist caused by vibration of
drill, the mobility of patient, and the fatigue and unskillfulness of surgeon turn
down the success rate of the dental implant surgeries. Computer-guided navigation
has proven a valuable tool in several surgical disciplines. Although the navigation
technique facilitates the positioning, the image guided adjustment of the angle

cannot be attained easily in the dental surgery. Furthermore, the influence of random

- VI -



factors such as the trembling cannot be substantially eliminated by the computer
assisted navigation. On the other hand, surgical guide can not be modified during
the surgery. A completely alternative way could be a robot. After the gross
positioning of the dental drill, the end-effector should set the final angulation. The
setting of the final orientation requires 2 degree of freedom and takes place very
close to the patients. Therefore, high accelerations and complicated kinematics have
be avoided for safety reasons.

In this thesis, design of manipulator for dental implant using double parallelogram
linkage is studied. Angulation device performs a task by cooperative manipulation.
The double parallelogram mechanism can provide a fixed entry point during the
surgery, enhance the safety and quality, and give facilities for surgeons.
RCM(Remote Center of Motion) for drill tip is simulated by using ADAMS. Double
parallelogram manipulator is developed as RCM manipulator and motor controller is

produced. Performance of RCM manipulator is evaluated.
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(3-10)

cos Al 2 & 93] a=
—1 (L12_L22+L32)

o = CoS 2L (3-11)
H Zkoll oJsto] p=

f=sin"! L1) (3-12)
whEbA 0,F e 2ol YR 4 ol

0, =a+pB+6 (3-13)

Table 4-12 vy &Eel o8 AA ] 483 <]

NE 2 2D P AFoR REA

flo
f

AEE ehsi o8 @ gE
& TN ¥ GEI

Table 4-1 Modeling specification

Component Spec.
L, 377.36 mm
L, 320 mm
Ly 200 mm
H 13.205 mm
58.995
2.005 "
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Fig. 4-2 Virtual center of motion
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Fig. 4-5 Fluctuation drill tip caused by angulation
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Fig. 4-6 Angle and motor displacement according to time

_31_



80 |

754

70+

65

Angle(deg)

60 -

55

50

45 T T T T T T T T T T T T T
-60 -40 -20 0 20 40 60

Motor displacement(mm)

Fig. 4-7 Drill tip angle according to motor displacement
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Fig. 5-1 Schematic diagram for experiment
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7}. UMI(Universal Motion Interface)

Fig. 5-29] UMl BA Z1EE BE 2 =doln u=ul M55 93] 9o
olg YTEZ AFste HulE EFo|th UMIE A& oz =goln e [/O
S B3 has Foh UMIS g3 293 guld(limit
switch terminals)oll =zto]u] e 21ul(limit) MM & Z+z A3k gyl AlXA =

>,
tof
rir
o,
im
i
v
offt
%

Forward Limit ———
Home Input ——— o .
| Limit Switch

Feverse Limit ———— i
Terminals

Inhibit Input —

Digital Ground ——

AC Servo Analog Output ———
Amplifier Analog Output Ground ——
Inhibit Output ——

[l Step (CW) ——
Dir (CCW) ————

+3V (Output) —m—

| Digital Ground ——
" EncoderPhase A ———
Encoder Phase A ——
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Encoder Index ——

| Amplifier/Driver
Terminals
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Power

| Encoder
Terminals

e0De0R0e00e000e0

EncoderIndex —

Fig. 5-2 UMI-7764 motion /O terminal block
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Fig. 5-3 Wiring diagram schematic of motor driver
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Fig. 5-4 PNP type driver input signal
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9. mEs} AN A2

Fig. 5-5% EE <t 25l AlMe] A =S veldllth ZH= 5 ZEHEN 1~5
7hAl ®2Eol AAd gt 2] 8limit) 41419l FORWARD, REVERSE, HOME

UMIel AZdA 71t

1 | BLUE

2 | RED

3 | ORANGE Motor

4 | GREEN

5 | BLACK

6 | FORWARD

7 | REVERSE ® -

8 FC‘E | 0UT

9 | POWERINPUT(+) ._‘4(_;'

10 | HOME :: i

11 | GROUND £ (=

12 | OPEN S — 5

1 |oUT

o———— (=

Fig. 5-5 Connecting wire diagram of motor and limit sensor
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ul. 71&7] AA
7147 AAE 7)FR Sk FztbE) 7]y

& ZA43517] A8 AH&3rh Fig. 5-69] AlA1 9] e FAIZE ALE-3)

_,d
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offt
o
2
2
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N

ahx ek, RH BBk ugslo] AR oA FAWAL o] fa SgE Aol

=

ol i3] 54 7bsolth Table 5-12 Al o] AL e AT

10

il
ohoAlA o] Al S W9l 260090, 2 AFel A AbEElE Ak £15°0]7]
o

Fig. 5-6 Tilting sensor

Table 5-1 Tilting sensor specification

Measuring range £60°
Resolution 0.1 degrees
Non-linearity 1% FS
Transverse Sensitivity 0.5% at +60° tilt
Response time 0.5 second
Power supply (Regulated) 5 Vde
Min.to Max.supply 3 to 6 Vdc
Current consumption 5V 1 mA
Operating Temperature -30 to .. +60°C
Storage Temperature -45 to .. +90°C
Weight approx. 5 g
Sensitivity appox 30 mV/ °
Zero offset at 5V 2.0 0.3 Volt
Temperature Drif of 1% e
Temperature Drift of Zero +0.05 mV/°C
Output impedance 10 kOhm
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ul, dol A Wel AA
golA Wel AME B4 4 AAA e SARE o] FHE W L o] E
ZAsk= Blolth dolA Wl AME o] &3] KB o|FHAE
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J
et
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Fig. 5-7 Laser displacement sensor

Table 5-2 Laser displacement sensor specification

Measurement mode Long-range High—precision
Reference distance 500mm 350mm
Measuring range £250mm £100mm
Light source Visible red semiconductor laser
Wavelength 670nm 690nm
Spot diameter ?igprox. 0.3 mm ?igprox. 0.7 mm
Linearity £0.1% of F.S.
Resolution 50um 10um
Voltage +5V (50um/mV) +10V(10m/mV)
Analog
out Impedance 100Q
put
Current 4 to 20 mA (350 @ max.)
NPN open—collector 100 mA (40 V) max.
Alarm output (N.C.) Residual voltage 1 V max.
Sampling cycle 1024us
AUTO ZERO, Alarm hold, GAIN
Other functions selection, Response speed selection,
Span/Shift adjustment
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7F 71&71 AA A 54
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(a) Tilting sensor voltage according to negative angle
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(b) Tilting sensor voltage according to positive angle

Fig. 5-8 Tilting sensor calibration
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(c) Handpiece angle according to motor displacement

Fig. 5-9 Yaw angle of handpiece according to input signal of motor2
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Fig. 5-10 Motor rotation direction control
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Fig. 5-11 Theory of motor velocity control
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Fig. 5-12 Experiment of motor velocity control
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Fig. 5-14 Angle according to displacement using laser displacement sensor
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Table 5-3 Comparison with simulation and experiment of angle according to

motor displacement handpiece.

Comparison Angle(®)
Simulation 0.268°
Experiment 0.25°

A3 A =g A= FH

L= JH

1.
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=
=

=
=
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