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Preliminary study on direct manufacturing of customized lingual
brackets by selective laser melting
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Stomatology Hospital of South China University of Technology Guangzhou 510640 China; 3. School of Mechanical and Auto—
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Abstract: In order to investigate the fe of direct manufacturing customized lingual brackets by selective laser
melting firstly a 3-D scanner was used to acquire and reconstruct teeth model which was based on the customized lingual
brackets designing with 3-D software; then customized metal lingual brackets were directly manufactured with a self-developed
selective laser melting apparatus; finally the slot width of the bracket on front teeth was measured. The analysis shows that the
teeth model obtained from the three dimensional laser scanner can meet the requirements for customized lingual brackets
designing and customized metal lingual brackets that can well fitted with teeth model can be produced precisely by selective laser
melting process. Compared with the designed value 0. 460mm on CAD model the slot width of the front teeth was measured
0.471mm =0. 009mm. The research proves it is feasible to manufacture precise and well fitted customized metal lingual brackets
by means of selective laser melting technique.
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A set-up jaw model

( stereolithography interface STL)

Fig.2  STL 3-D jaw model rebuilt by laser scanner

Fig. 4

Fig. 3 Customized bracket’s base

The slot direction of the front teeth bracket is vertical
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upper teeth

Fig. 5 The slot direction of the molar and premolar are horizontal

Fig. 9  Customized arc wire

peak laser power
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Table 1  Main process parameters of Dimetal 280
item parameter item parameter
laser wavelength  1090nm focal length 163 mm

200W largest part size 280mm x 280mm X 300mm

beam quality M*>  <1.1 scanning speed 50mm/s ~2000mm/s
spot diameter 70 pm layer thickness 20 pm ~50pm
Fig. 8 3-D model of the lingual brackets
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Table 2 Mass fraction of the main compositions of 316L stainless steel

C Cr Ni Mo Si Mn

(0] Fe

0.0003 0.175 0.1206 0.0206 0.0086 0.003 0.0013 balance
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Table 3 Optimized SLM process parameters for customized metal brackets
laser layer spot scanning scanning spot scanning
power/W thickness/pum  diameter/pm strategy speed/(mm * s~') compensation/mm space/mm
(1) contour scan 300 0.06 -
150 25 70 (2) 2 orthogonal + interdayer stagger 600 0.08 0.08
(3) surface re-melting 800 0.06 0.08
SLM 61 N
50 begin sinking
( ————
) z & 401 .
1 totally sinking
z 2 30
=
MAIGCS 201
forming fail
( 12) 10 ) ormi g fai ure
04— T T T
° ‘ 200 400 600 800
scanning speed/(mm-s™')
. Fig. 13 Effect curve of different scanning speed on overhanging structure
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Fig. 12 Placement of SLM customized brackets °
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_ q—v{—’ Fig. 17  Slot width measurement of the front teeth
Fig. 14  Schematic diagram of compound scanning strategy ( p> 0. 05) R
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Fig. 18  Customized lingual brackets fabricated by SLM after hand-polishing

Table 4  Comparison of the mechanical properties between SLM and casting
Fig. 15 Schematic diagram of laser surface re—melting@ parts
2.3 | tensile elongation micro—
samples
P strength /MPa rate/% hardness/HV
sample 1 636 35 265
A A ° sample 2 624 31 258
z sample 3 582 29 270
0. Imm 0.0lmm casting part >480 39 >220
( 16).
3 50
0.471mm + 0. 009 mm (
17) CAD 0. 460mm

Fig. 19 Direct adhesion of lingual brackets to tooth

WIECHMANN ’

Fig. 16  Comparison between sliced model and fabrication results

a—sliced model b—fabrication results
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