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A Study on the Performance of Dynamic Restraint Manipulator
for Drilling Alveolar Bone in Mandible
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ABSTRACT

The increase in the edentulous jaw which occurs in the aged population has led to personal dental health
concerns. In the case of dental implant surgery, the duration of a patient's recovery depends on the surgical
plan and their physicical ability. A device may be required to assist a physician in controlling vibration
reduction of free-hand drilling and prescribing a good treatment plan that is suitable for the patient's
condition. In this work, an artificial tooth-root implant assistant manipulator was studied. The structure and
the vibration analysis of the dynamic restraint manipulator that is for drilling the alveolar bone in the
mandible bone were performed, and the structural stability was analyzed. Further, a virtual prototype of an
artificial tooth-root implant assisted manipulator was fabricated and tested. Hence, the state of the Remote
Center of Motion (RCM) point and the driving state of the manipulator were confirmed. Furthermore, the
drilling experiments were performed by using materials similar to a human jawbone in order to evaluate the
performance of the drilling process that is operated using the assistant manipulator.

Key Words : Alveolar Bone(X|Z==), Mandible(5t2t=), Dynamic Restraint(&%] X|2F), Dental Implant(X|Z} &

E2tE), Remote Center of Motion(2&HZASA!)
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Table 1 Input conditions for finite element method

Solid mesh Materials
Element Node Manipulator Handpiece
451,451 | 831,592 Al6061 Carbon steel

Fig. 3 Boundary conditions for structural analysis
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Fig. 4 Structural analysis of manipulator
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(g/ce) (mm) (g/ce) (mm)
DI 0.80 3 0.48 27
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Fig. 7 Drilling test of laminated test block
polyurethane foam specimens
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Fig. 8 Drilling hole emror in jaw bone specimens

Hz} 1.0£0.6 mm, Brief?] IGI A]2=gl4e A . 3jck
ol A 0.65 mm, Assche SHl7}o]E A A= Abc
1.140.7 mm, 3¢t 2.0£0.7 mmE B uEAck A=
B 57 A 7R =dy A3 A, Fig 79
Ak Ze] DI AFEHLS AT 0.00lmm, 3
0.006mm®| ZA| F3 o™, D2 AlEHL A 0.013mm,
3l 0.054mme] HAE RIS & AL <F
0.015 ~ 0.058 mm A HF=HUN, D=7} £ DI
AN@HANA a7t diiFoez A TS
=gy Aol A= vAS ez <l
I - pivot)] Y H(entry point)®] & FAHHTH
=2o] &8 % A (reached depth)oll A2l & 7 0]

A EdE AL A
40 - Force(N)
—8— Temp(°C) o
32.6C Pl
30 Rt I/-/- -
// —
20 7I'*I7-~I’
A B C D
10
5.6N
/uw 2.6N
0ol A\ hnliphon
0 20 40 60 80 100

Time(sec)

(a) Force and temperature in D1 grade specimen

Force(N)
404 —m— Temp(°C)
32.1C V'
A Lo =
30- ST
201 A |B C D
6.0N

1.6N ‘ ‘

104
[} Y — \_JM

0 20 40 60 80 100 120
Time(sec)

(b) Force and temperature in D2 grade specimen
Fig. 9 Drilling force and rising temperature in jaw
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