#) 32 % 3R Acta Phys. Sin. Vol. 69, No. 18 (2020) 186801

BN HITR IR E S SRR E R TR
EHEV FGHD KERFD BED E LR

1) (INARBE TR TAE2ERE, T 255049)
2) (M/RETM R, Hlas NBR 5 RGEE K f 290 %, IR/RIE  150080)
(2020 4E 3 A 30 Hig#; 2020 4E 5 A 25 AU EHERH)

SR VR 2V VA R TR P AL A9 R0k S, TR 0 DM 3 T 04 DR 0 0 0 R A, X0V
A B AR UL AT T B4R 5 S B SR T T v TR ) TR 1 AR SR S S0 T IR L AR
J107 . ST B R S S TT £0V VRT A HRR  A S A K  VRATF L IRLBE R S AR , )
TR M S T v T RS 9 TR . AR 130400 pm SA BHOPRET 2% A0 T ¥4 S0 0 R T, 4 BRI 28 1o A
B IR A S T I R T, 5Bl T30 0 2 5 L IV R T 0 R . A A R TR 5
FREEIRE 24 °C, W 37% B 4 AF R, BLAR 400 pm MIBE/K PUFT 28 R 3 B 3R B 5.5 L A0, FL B 2% 75 3 T
AR T A D FEIAT B8, 5K A0 TR 40 ST S A i V20 W TR A . S0 4% S iE T B ST 1A 2

KB W, TRRE, RBE, PSP TA
PACS: 68.03.Fg, 68.03.Cd, 68.08.Bc

1 5 =

AR BIL fi A B8 MR 2R SO 5 170 B 2
AR 2, SRR R RO — Ak B 220K

ZIa), BAT U RR | BTG . Sy B L SR

TEA 21 T R Ty i 2 PRI 58 A8 R VB 1) A,
Z 3 T EPNMEE .

TR Jo AT JUR (R SR Tl PN A2 B
TRAE R —Fh BB T HY T ROR B {4 1 345
TR T 3 TR B A SR A T4 B0 B
(1R R U S B2 A 1) e e £, Wang %5 16 3
I ANEARE B E R B AN, FIHANEE S £
A A S T IS s R A T T A R AR A
JF. Fuchiwaki Al Kumagail BH R4 585 5516
AR LA, BREH A IS, 7RI AR 3K
HORC , PR PR ET A RO I R ] 8 R R B %

* ERHRBIEIES (S 51905323) YRR
t BIE1EH . E-mail: zhfan@sdut.edu.cn
©2020 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.69.20200463

it Obata 25 B 4 55 T B 40 1 B ok PR 107
5, BAETREEORGR , MR- SO PHE Al s = 4
AR S BRERAE X RATU, S H B 087 T R i
J7 SR A R T A R A B BHERE L, Chang
A 101001 Shah 25 [ 1) P 0 98 4 M ol i
i, A5 BRI TG 25 0. KBS 12 ik T 2
ORI HERAE T, th 1 ARTB AR FIERSEAE H A
IR 6 ARES 22 TP A, 1) BB T AR, ]
TERU T A R . B 408 R T =050 3 i
TAOR X GRS 0388 4 A 98 0 e T > Onfe LA
S BT YR FROAR B A

Y BRESE F AR B ANAE P2 AR TG b i L R R
— SO TSV BRI F) T S IR A B 09,
X ARV BRI L RT3 T 2 AT E B SE B R
A, 2285 Dl 2D ARG S 56 73 B i
i B e L IR S A A LA, 5 R L 25
i iV FE I FHE N A RETS AR BE . KR PR 1)

http://wulixb.iphy.ac.cn

186801-1


http://doi.org/10.7498/aps.69.20200463
mailto:zhfan@sdut.edu.cn
mailto:zhfan@sdut.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 18 (2020) 186801

RHE VR BRI A I A AR P RE A T e/ NG JEUEEL, K
WA K ZE R 2 T B R IR A, A B E AR AT
B BRI BE MO AR AR T L, B IR
I 2 AR BB T 15 PGB T T 52 5 454
IO ERTR TN OPSE L abii NS P A A S B
F2ET5 8, WliE /N A REJECRE, 5 AS [R)T FIR
& TR IR S AR AR TR, g S
B0 96 U T S AR A AR R A A O A A
et JAURF LRI 8 K 3% TR RGO sh 285478, 2
3R Bl 1 R R 42 fih 26 4% B 952 0, 7E 80—200 Hz
SRS R N, SR A7 e [ - A2 sh B G 1]
PRGN B0 V4 B TR 7 AN [ 28 1 114 10 Y A v
F1 7 RBHITE, (X BERTHAE 6 AT i
A R R E AT SR D . B V2 BRI N
— PR AR O 2 0 T B SRR ML A 0,
S BRI AR A A R ) SRR, W B
e BPIAT #5 i 1A0 P9 4 B TR A A2 R M AT B T
P T R RS RE AR

I, ASSCMNHE TV BT B9 8 A TR Y
BAFIE BT, BEIET BAAE SRR A T 45 i 1T ) V%
SRR RS R, SCRG IS b 1 v SRR 1) 2B 1k
e, RTINS BERGRH A E PRI N ER

2 RN TR AR R

R BRI B B MR R0, T3
FIZEE IR EE, 56 TR A B 40 ) n] S8
TR R A g, AT 35 BRI, P 1
R EE TV BRI A R AR SR . AR i
AR, AT AR S v BERGR , AP 1(a) 7R, 9819

Hle R
mﬁﬁﬁmﬁm m

HISAT

(HouES

(a) (b)
K1 HRAERIE (a) WTHREE; (b) F5HL

Fig. 1. Principle of micromanipulation: (a) Droplet condens-

ation; (b) pick-up.
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Fig. 2. Model of droplet growth.
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Fig. 3. Droplet movement induced by temperature gradient.
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Fig. 4. Schematic of pinning effect.
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Fig. 5. Growth processes during droplet condensation: (a) ¢ =
Ts;(b) t=11s;(c) t =13s; (d) t =50s; (e) t = 120 s;
(f) t =180 s.
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Fig. 6. Droplet volume varying with time.
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Fig. 7. Processes of droplet condensation: (a) Asymmetric
growth in the initial stage; (b) 40 pm offset; (c¢) 13 pm off-
set; (d) symmetrical growth in the initial stage; (e) two

symmetrical droplets; (f) one symmetrical droplet.
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Fig. 8. Contact angle change under pinning effect.
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Fig. 9. Droplet condensation on hydrophilic and hydro-
phobic surface: (a) Droplet condensation on the hydrophilic
surface; (b) droplet sliding; (c¢) microstructures on hydro-
phobic surface; (d) and (e) a stable droplet is formed on the
hydrophobic surface.
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Fig. 10. Micromanipulation experiments: (a) Droplet forma-

tion; (b) pick-up.
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Migration characteristics of droplet condensation on end
surface of single-finger microgripper”
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Abstract

Liquid droplet is a prerequisite for micro-robot based on liquid medium. The investigation of the migration
characteristics of condensed droplets on the end surface of a single-finger microgripper is of significance for
obtaining stable droplets. The principle of flexible operation for micro-components using droplet condensation is
analyzed first. The liquid bridge force acting on a microsphere is derived. A growth model of condensed droplet
on the tip of a single-finger microgripper is established, including single-droplet growth, droplet coalesce, droplet
movement, and pining effect. Condensation process on the tip of single-finger microgripper with a diameter of
130—400 pm is observed experimentally. Small droplets are formed by directly growing with a big growth rate
in the initial stage, then the droplet growth is determined by droplet coalesce. The experimental results show
that a single droplet is formed on the end surface after direct growth and droplets coalesce. The maximum
droplet volume of 5.5 nl. appears on the tip of a single-finger actuator with a diameter of 400 pm under the
conditions of surface temperature of —5 °C, room temperature of 24 °C and humidity of 37%. The stability of
the formed droplets is dominated by temperature gradients and edge effects during growth process. The
distribution of condensed droplets is asymmetric while the microgripper is placed on a cooling surface with
temperature gradient. A big growth rate is shown in a low temperature range. A single asymmetric droplet with
an offset of 13 pm with respect to the axis of the actuator is formed, which is caused by the temperature
gradient. A stable contact angle of 112° is obtained on the end surface of a single-finger microgripper with a
diameter of 137 pm because of edge effect using the ambient temperature of 24 °C and humidity of 42%.
Condensed droplets located on the end surface of hydrophobic microgripper are more stable than the untreated
microgripper. Compared with the droplet formation (0.3 nL) on an untreated microgripper with a diameter of
150 um, a lager stable droplet of 0.4 nL is obtained on the end face of a small microgripper with a diameter of
130 um because of the hydrophobic action. The validity of theoretical analysis is verified by experimental
results. The experimental investigation of the migration characteristics of condensed droplets on the end surface
of a single-finger microgripper shows that the droplet shape can be changed by adjusting the temperature
gradient and hydrophilic/hydrophobic performance, which plays an important role in achieving a stable droplet

on the end surface.

Keywords: droplet, migration characteristics, condensation, single-finger microgripper
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