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ARTICLE INFO ABSTRACT

Article history:

Micro-needles are used as transferring devices for sampling of tiny constitute

Received 15 February 2017 substances from biological bodies. Typically, nickel is used as a coating to
Revised 28 April 2017 improve the rigidity of micro-needles. This study introduces the methodology to
Accepted 12 May 2017 manufacture a WC needle with very high hardness and toughness. Micro-EDM
technology was used to manufacture micro-needles with holes 130 pm in diameter

Keywor ds: and 2300 pm in length. A micro-needle was aligned to the micro-EDM electrode
M%Cm'needle using a custom two degree-of-freedom alignment system. A three-step
M1.cro-EDM . manufacturing technique was developed to drill a micro-hole using a WC
Alignment meCham.sm electrode. In the first process, an electrode 105 um in diameter was used to make
Extreme aspect ratio a hole. Electrodes of 90 and 105 um diameters were used in the second and third
process, respectively. Consequently, a WC micro-needle with an inner hole of 135

um diameter, length of 2300 pm, and outer diameter of 300 um was developed.
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Fig. 1 Experimental set-up to manufacture micro-needle using
micro EDM
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Fig. 2 Two degree of freedom fixture mechanism for micro needle
manufacturing

Fig. 3 Alignment of electrode and WC needle
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(a) Determination of the center (b) Determination of the center

point of workpiece in
x-coordinate

point of workpiece in
y-coordiante

Fig. 4 Method to determine center points of the micro needle
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Fig. 5 Comparison of no. of shorts with one electrode and
different diameter electrode
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Fig. 6 Comparison of no. of z-position with one electrode and
two different diameter electrode

Table 1 Result of machined micro-hole for 1,320 and 3,210
seconds, respectively

Electrode
wear
(mm)

Diameter of| Entrance
electrode
(mm)

1,320 105

3,120 105

Depth
of hole
(mm)
27.9 842 403
415 882 604

Machining

. clearance
time (sec)

(mm)
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Table 2 Manufacturing conditions

Ist machining process 2nd machining process | 3rd machining process

Material WwC wC wC

Electrode Diameter (um) 105 90 105

Length (um) 1800 2400 1800

Work piece Material WwC WC WwC
Dielectric fluid Kerosene

Voltage (V) 100 100 100

. Capacitance (pF) 3000 3000 3000

E’g’;r;;zrr‘fal Resistance (Q) 500 500 500

Tool rotational speed (rpm) 2900 2900 2900

Feed rate (um/s) 1.5 1.5 1.5
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Table 3 Experimental result

Forward direction manufacturing Reverse direction manufacturing
1** machining process 2" machining process 3™ machining process

Machining time (sec) 1500 2520 1320

Length of electrode (um) 1800 2400 1800
Diameter of electrode (um) 105 90 105

Entrance clearance (um) - 131.4 130.2
Electrode wear (um) 390 201 403
Hole depth (um) 845 615 842
Number of shorts 10 1307 71

Length of needle (um) 2302
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Fig. 12 Z-position of 3™ manufacturing process

Fig. 13 The picture of the hole after 1% & 2™ machining process
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