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Design and fabrication of flexible MEMS anti-drag skin
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Abstract: A novel flexible Microelectromechanical System(MEMS) anti-drag skin was proposed based
on the drag reduction with lingering-micro-bubble generated by electrolysis, and the fabrication of
flexible MEMS anti-drag skin was designed. The MEMS skin composed of a flexible substrate layer, a
metal electrode layer and a micro-well-array layer was designed, and two process routes based on
MEMS were developed for the skin fabrication. Then, the polydimethylsiloxane (PDMS) and SU-8
were used to fabricate the micro-well-array layer, respectively. Several key steps in these processes
were studied and a specimen was fabricated using SU-8. The specimen has a thickness of 90 um and
contains 6. 25X 10" cylindrical wells with a depth of 50 pm and a diameter of 40 um per square centim-
eter. It can be bent and attached on a ®28 mm cylinder without damage. Results demonstrate that the
MEMS is feasible to realize the anti-drag skin and the flexible MEMS anti-drag skin offers a novel way
to reduce the skin friction of vehicles in water.
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Fig.1 Schematic diagram of anti-drag flexible skin

2400 i B 5% B M50 PN 4 15 A At 5 T
F4 R T IS THT 70 P9 A K T3 A A R A S L A PR A
AT 7 A R R/ AR W 2 ) PR . B
S ISE AR S LA T N FRp 25 A L 32 T 6 i i
T3 AT T AR B I BT o 1) L AR DX B s 7 44
BEATANEL 2 (b) Bz . R fifp R A 3 T 98 4 9 <
WAL A o LA R A g DD BT, I 2 (oo o L X
IO B BEL R » IR A A FUR IR B B B 2
PLSCBUSE B L A E B B I O e T A DI A

Z ” =7,

(XTI AR E . (b) FUR I3 25 30 4 A
7 B iR EL A CERT RN
(a) Electrolytic current (b) Turning current smaller by
covering the part of

generated by loading

voltage upon electrodes  electrode with bubbles

Ce) FRL iR 96 7 36 S T30 BEL R B )

(c) Blocking reaction by covering the well with bubble

B2 K U B i A s B R B
Fig.2 Anti-drag principle of lingering micro-bubble

generated by electrolysis

A% [8] - Ty [~V AT 3 ) A I EE 4 R
8 € N CI I 8 o R e (B % = W SN S BT VA /8 -
TBE » 24 5 B8 S 52 B0 K G b il S DR R 2 A
T ol B — RS . AR K R Y K R B
B b RN R AT AR K E
Bt Y1 WK # o BEL B S

AR e i K T R R R B 1Y) R 1 S R
R S, V0 B v Ak 2 BN AR g2 43 BT A Ak
5 Mz ZE R A R M 2 Sl B A ) L A ) S R
TR TR AL G T 20, I 4F ok MEMS
il 328 2 AR 1 %2 e Sy 2 P U B 5 B 1) S B 4 T T
T LA®ER, 3T MEMS T2 &9 £tk
MEMS W B 5E f2 9 2548 J7 2 il 3 Fi R . % 5%
B R A T 5 2 L 4 T e R P R ) R 3 M R
JE L Fovh 4 T o b R 58 )2 A5 455 PN L i L A
DL R AN R 5| it T WK 43 . B T 020 Tk 0 2%
BRI S M7 S B0 51 22 ) B A T T R K T R AE
RT3 10 ~100 pm 2 2%, M35 /93 56 L R
1. VBURH 5 Bz 45 46 1 1 e — Ty THD 75 224 ) 1 6k BHL
Ty RE 1 52 B[] i by 5L AT Bl I A w4 v, AR S
DA R T IV g A >y 5k JES b R S B 58 12 R kL &2
W S REEURE ek LA ik A F A 2 B LS el T A M 450
W 1) 1 4 VE 43 51 R Fl PDMS 4 b} 1 455 5L 52 1) T
R SU-8 ARG ZIIN T. T2
« PIHIRES] R

A BREREEE

PR — FMHEE

PAYAR HLE FL AR IR [0 1

B3 MEMS Ik B 5¢ 52 454 77 % it
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