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Micro holes on Hard and/or Brittle Materials

MAJM Laser
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Techniques for producing micro-holes on brittle
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Basic principles of MAJM
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MAJM Process

« The total process flow of micro-grooving using MAJM process is the
following three steps:

Mask removing

Masking Abrasive jet
machining and
rocess
P process cleaning process
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Masking process

1. Masking process: The masking process is used to prepare the
specimens having required patterns for MAJM.
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AJM Process Experimental works
2. Abrasive jet machining process: « Experimental parameters were designed different pressure, time and stand-
MAJM is performed on the machine. Here, the regions, where masks are off distance for machining soda lime glass (T=0.4mm), and then observe the
removed in the developing process, are selectively machined. machining profile, taper angle and efficiency.
Nozzle
N , ;‘:I_> Seanning of times Process parameters for MAJM
Abrasive jet wél Stand-off distance Nozzle diameter 8mm
it Abrasive Al,O, #320 (26-31pum) and #400 (18-22um)
Air pressure 0.05, 0.1, 0.15....0.5 MPa
Mask
Brittle mate:i;l Stand-off-distance 10, 20, 30.....70mm
Mask pattern Angle 30, 60, 75, 90, 120°
3. Mask removing and cle_anfn_g process: Scanning times 160, 200, 240
After the machining process is finished, an r_emal_nlnlg mask adhered to the R
workpiece surface is removed, and the workpiece is cleaned using ultrasonic Machining time 20, 40, 60, 80s
cleaning equipment.
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Schematic representatlon of the MAJM MAJM Tests Without Using a Mask
(without using mask) .
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Entrance diameter increases with stand-off distance . .
. ; Air pressure vs. Penetration depth
(without using mask)
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Material removal /Penetration depth vs. Stand-off distance
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Schematic representation of the MAJM
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Optical Mask
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Form Error Index

Form Error Index '}
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Influence of Various Machining Parameters

Scanning Speed

Scanning Passes

Abrasive Size

- Pattern Geometry (Shape, Spacing)
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Sidewall taper angle vs. hole diameter at various scanning speeds
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Sidewall taper angle & Form error index vs. Included
angle at various abrasive sizes
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Obtained spacing error% vs. Designed spacing
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Obtained spacing vs. Designed spacing at various scanning passes
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Abrasive ALO#320 + #400
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Pressure 0.5MPa
Hybrid Machining e 2o Conclusions

Scanning passes  120/120

» Under the same machining conditions, big holes have deeper
erosion depth than small hole and sidewall is more bias to form

o
S
o
]
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£ 50 02 E a “V” shape profile than those obtained in small holes. Thus,
gﬁ 20 % small holes have higher sidewall taper angle than big holes.

u 0.153

230 'E . . .

‘=; 0 0.1 ;E-, » As the included angle gets smaller, it’s getting more and more
H £ difficult for abrasive particles to crush into the tip area. As a
Z 10 0058 result, the form error gets higher as the included angle gets

0 0 smaller.
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~@-#320-Taper angle -&-#400-Taper angle ~M-#320->#400 -Taper angle . . . R .
-8-#320-Form error index —A-#400-Form error index -©-#320->#400 -Form erfor index « Since finer abrasives have better chances to “cut” into the tip
Included angle () area, the smaller the abrasive gets the higher form accuracy it
can achieve.
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Conclusions

 In comparison to fine abrasive, coarse abrasive have deeper
erosion depth and sidewall profile is more bias to a “V” shape
than those generated by fine abrasive. Thus, fine abrasive
generates higher sidewall taper angle than those generated by
coarse abrasive.

Thank you for your attention.

« The hybrid process can effectively improve the form
accuracy/surface roughness of the obtained patterned holes
especially when the included angle is small.
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