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Abstract

The purpose of this study is to develop a micro electrochemical machiming (micro-ECM)
technology with an electrode jerk movement, so as to be applied to the manufacture of micro holed-
structures on high-temperature corrosion-resistant alloy steel. The diameter below @150 pum has the
special holed-structures such as inward upside-down taper, mward expansion or inward shnnk which
15 smtable for micro nozzles or micro channels for high-pressure fluid delivery whereby increase its
injection pressure. The material of this type of nozzles 15 mostly made of high-temperature corrosion-
resistant alloy, which 1s difficult to manufacture by traditional processing technology. A "micro-ECM
techmque with electrode jerk movement", which creates different electric field strengths in the
electrolysis gap through the jerk movement of the electrode in the micro-straight hole 1s proposed in
this study, thereby changing the material removal rate on the hole-wall to create special micro holed-
structures. Electrode 1s made of micro solid tungsten carbide rod with 55 um i diameter. Firstly, the
surface of the electrode 1s coated with a Parylene msulating layer with a thickness of 5 pm by vacuum
coatng. The mnsulating layer on the end-face of the electrode 1s then ground off to create an electnic
field with the hole-wall. The electrode rotates at the center of the micro-hole, and slowly withdraws
from the lower end to the upper end of the micro-hole under different positive and negative jerk
movement modes. With the flushing of the sodium nitrate electrolyte (NaNQs) from bottom to top, the
matenial of the hole-wall will different metal dissolution rates occur due to different electric field
strengths in the electrolytic gap, thereby creating warious special micro holed-structures. The
experimental results show that when the jerk J= +0.00002 mm/s® and the current I=13 mA, a micro
hole with an inward upside-down taper of taper-rate T=0.130 can be produced; When the jerk J=
+0.00002 mm/s’ and the current I=16 mA. the micro channel with a hourglass-shaped inward shrink
with the taper-rate of T= 0.0470 and T=- 0.0731, respectively can be created; On the contrary, when
the jerk degree is at J= F0.00002 mm/s’, it can make the micro channel with a bulging-shaped mward
expansion with the taper-rate of T= -0.1485 and T=0.1510, respectively. These micro-hole structures
have excellent coaxial and symmetnc precision; compared with the discharge machimng technology,
the mucro-electrolytically machined hole-walls do not have uneven discharge craters. This reduces the
flow resistance of high-pressure fluids, which is very suitable for high-pressure nozzles such as diesel
engines for fuel delivery and atomization, improving their combustion efficiency. In addition, 1t is also
employed in biomedical fluid transfer, where gravity causes the cells to precipitate in the concave part
of the flow channel to achieve the effect of blood cell separation. The study confirms the
commercialization potential of the proposed technology, which provides an alternative, highly efficient,
non-cutting and non-thermal machining technique for the manufacturing of special micro holed-
structures.
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