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A microfluidic inertial switch with response characteristics
to high acceleration
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Abstract: On the basis of micro communicating vessels, a novel microfluidic inertial switch with excellent
response characteristics to a high acceleration over 30 000 g was proposed. Brine was selected as the working-
fluid due to its conductivity and non-toxicity. The mechanism of droplet separation was discussed, and the channel
structure of the switch was designed. Then, the working principle of the switch was theoretically analyzed and
modeled. Finally, by the combination of Computational Fluid Dynamics(CFD) simulation technology and a
prototype experiment, the structure and functions of the switch were verified. The results show that fluid
dispersion problem has been avoided even under the 30 000 g high step acceleration, and the bigger acceleration
amplitude leads to the shorter response time. By the review of the experiment results, the height difference of the
two liquid-gas interfaces of the brine can be realized at the initial state and the static acceleration threshold of the
prototype is between 134.6 g to 152.3 g, which is agreed well with its theoretical counting acceleration threshold
142.7 g. The experiments indicate that the micro communicating vessels efficiently improve the anti-dispersion
ability of the microfluidic inertial switch. It separates the acceleration amplitude and shows good latching function

and higher response characteristics to the high acceleration.
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Fig. 1 Schematic diagram of micro fluidic inertial switch
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Fig. 2 Working principle of microfluidic inertial switch
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*2 BEEHMSY

Tab. 2 Structure parameters of models
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Fig. 4 Movement process of model 1 under 30 000 g
acceleration
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Tab. 3 Main structure parameters of switch prototype

43 BONESLE
157 FH B 8 T 718 S 36 265 B ok v A 2R K S I REHL E

T BLO NS . SRR S I /N T 134.6 ¢

()
ZH 18
B A0 1 W s 50
Bt IPNEEIS; 3 200
B A 200
TW3E i 400
TR 50
pubCIA k| CErE 600
RG] e JEE 22 1200

BF, RN BE B B AN IR, 7 i 2% 5 b 7K ST
BN THIAOE o YK T 152.3 g, ERAK K
TR, AR T KRR,
EI9fT 7w o

THEAL B

FEL

CCDHINL  TzhMER

ESEE Bork

K 6 #hKVEAN$HE

Fig. 6 Brine injection setup

B KT

XK
FAUHREAL

PDMSHEHT
EhKENAL
R

P 7 VRN # KR I S BEAL

Fig. 7 Switch prototype injected with brine

8 B R
Fig. 8 Centrifugal experiment setup

9 Ik IR FERL
Fig. 9 Prototype after loaded



55 3 1] BOXN, A P i SR A T O 531

5 ZBRERL5iTE

Y7 BC 45 S AT 0, D B TR A 0 E R
30 000 g B BR LI BEAE R T, $hKA R &A= 41
B U I 3 T e R AR B
] iV A 32 3l 1l S A8 ) O A R i, T
e R b 35 i ke AR P R S BT TR T AR A B 1 B
1, SR AR 26 180 5K 3 T AR U A B SO A 1 T
KA BA B i B ae .

p SR, 22 o W /N T80 g, R
ML TR LTS 5 5 m kB2 R AE K T 100 g,
B AL TR DL . DL 56 B WA E
R, RESEI— M, HAA XA R (Y
BE 1o 40 I M U R R /DN, S
K5 T R R R,k b TR, T O
IR SRy N M Y B W I P ST S U R QTR VAN RS Bt
0k B s, kK A R T A Y S TE R N T
AR R AL, B R TR A B KT A
R T A € N B e R AT TR AR RS LB
W, AR A YT A R R AR AR, S A R R AR
H B A EHGE, SRWEKE /N BT RSN
RN BE AR, Fr L RS BA G & . Gk
JEE W AEL /N T F G B A, 2oms T 2K S R K R Il 2]
WIGR AL &, TFOCPRREWTTF . 40 3 B iR { KX F I
K BB A, R K 2 A0 76 1 i 0 N B R 2 )
WAL, JFORURAF T, ST A SITIRE

py B 4R ST, A O T o % 7 58 1 de R M
JG & R E B RN R G . AN R AN T T

SEHk:

[1] KIM J W, SHEN W J, KIM CH J, et al.. A
micromechanical switch with electrosstatically driven
liquid-mental droplet[J]. Sensors and Actuators A, 2002,
(97-98): 672-679.

[2] SIMON J, SAFFER S, KIM CH J. A liquid-filled
microrelay with a moving mercury microdrop[J]. Journal
of Micro-electro-mechanical Systems, 1997 (6): 208-216.

[3] YOO K H, KIM J W. A novel configurable mems inertial
switch using microscale liquid-mental dropletp[C]. /[EEE,
2009: 793-796.

[4] YOO K H, PARK U, KIM J W. Development and
characterization of a nover configurable MEMS inertial

switch using a microscale liquid-mental droplet in a

KRME, W2 e ML LT IR 5 A i JEE iR
R TIPSR BE, W2 18 R B2 LD B IR %
LR RE S A A 07 B AR T g 22 D OB i ) o KR
M TR A3 R BN, AR e # CIRLE
BN, REHRIE RS, RGHMIhIG 1 3h 2
A W R R G i R . T R G A AU E
S T LUK [R) ok R (L, HC 3l 2 e B £ A
ANTF] RS E A BT AR V5

7RI R R, FOKEAREYLE , R AT
A1, P S TR AR T O RO ) BT
Zo MM B IR K T 152.3 g, EROKZEE T B4
W, JF BAEIE B S, $hoK MR DR F A F-
F2E o R IR BT S RE X i R I i AT X ),
IFEA MBI RE

6 % %

AR SOR AR AR IE S R, R AGE
By 77 1) 5 45 A ) A B, T G4 O A A5
BT T — 7 B % O A O O . R IR AR B
J1 05 EARENL S IR AR 25 4 0 07 v, XHFF L T fg
AT T YR 5 HARH], FFICHFE30 000 gt B ik A
I A T KA R KA B . SRR, A
ML B 1 1E 134.6 g~152.3 g, ARH Hm HHIs
T 0 B (E142.7 g0 MK T % 5 A R AR 48R
PEFF G, AR SCHT I 14 B0 AR 158 P 5 O A FH AR 3% 1
kAR ER AT T P ne 1. JFRREEIX
Sy ISR EENEAE, I EAT AIBITRE .

microstructured channel[J]. Sensors and Actuators A,
2011, 166: 234-240.

[5] LIUTT, SUW, YANG T, ef al.. Evaluation of the
threshold trimming method for micro inertial fluidic
switch based on electrowetting technology[J]. AIP
Advances, 2014, 4: 03712.

[6] LIUTT, SUW, YANG T, ef al.. Vibration interference
analysis and verification of micro-fluidic inertial
switch[J]. AIP Advances, 2014, 4: 031313.

[7] KIM J-W, KIM CH-J. Nanostructured surfaces for
dramatic reduction of flow resistance in droplet-based
microfluidics[C]. IEEE, 2002: 479-482.

[8]1 FENGY Y,ZHOU ZHY, YE X Y, et al.. Passive valves

based on hydrophobic microfluidics[J]. Sensors and



532

5 24 %

[9]

[10]

[11]

Actuators A, 2003, 108: 138-143.

CHO H S, KIM H-Y, KANG J Y, ef al.. How the capillary
burst microvalve works[J]. Journal of Colloid and
Interface Science, 2007, 306:
CHEN J M, HUANG P-C, LIN M-G. Analysis and

379-385.

experiment of capillary valves for microfluidics on a
rotating disk[J]. Microfluid Nanofluid, 2008, 4(5): 427-
437.

AR, K, JOR, A LT PDMSHIBES M KIS
B IR IG SR S0 i [I]. RF M 4R, 2011,
19(8): 1852-1858.

DU X, ZHANG P, LIU Y SH, et al.. Burst pressure of
capillary burst valve base on glass and PDMS[J]. Opt.
Precision Eng., 2011, 19(8): 1852-1858. (in Chinese)

EEE N

= o%(1990-), B, PWIBEHEA,
RS, 201248 T 20 B koK 2 3k
2, WS O R R ER I
4. E-mail: 112010201 @njust.edu.cn

[12]

[13]

BRI, Mk, Wi, BT R IR0 R AR
FFOCHEBE 5 {7 EL[T]. S & -F 3K, 2010, 47(12): 742-
747.

CHENG H W, YANG T, LIN Y, ef al.. Modeling and
simulation of micro-fluid inertial switches based on the
capillary valve[J]. MEMS Device & Technology, 2010,
47(12): 742-747. (in Chinese)

W, ik, dHEEE, & BHERIR AT GRS
Wi )8 73 R (PSR B [T]. AUk i+ 5 #F 70, 2012, 28(1):
90-94.

LINY, YANG T, LIU T T, ef al.. Numerical simulation
on threshold characteristics and response process of
micro-fluidic inertial switch[J]. Machine Design and

Research, 2012, 28(1): 90-94. (in Chinese)

FIME N

BE® (1969-), Z, WitgE-FA, f§
o, BIBER, 20024F TR U LR
R LA, T ENFMEMS & 1
ikt 5 LEMS . E-mail:
njniewr@hotmail.com



