20099 & OIst&D|& s GtAHE =S =2& 2009. 7. 14 - 17
oA O (EE) YHHZO| MA X 54
QY Hos A= AJ|X"
==20s
Design of valveless type peristaltic micro-pump
Jin—Heon Oh", Eui-Hwan Jeong”, Jong-Nam Lim", Kee-Joe Lim"
Chungbuk National University”
Abstract - Recently, there has been increased incessantly an ol Z+zy AA, A AT 0= (3E/4) e T A AT
interest in research area on micro—fluidic pump for electronic & st AT S AEE ¢ Ut FHes 93 /4
and biological applications. The proposed pump takes an W A Z2 oYU XA Al A F Rl A7t ez 7
unobtrusive operation into the simple displacing mechanism /49 A7 YiE FAY( V, = Vsin wt, Vo = Vcos wt )
using peristaltic traveling waves without the physical moving I7FAl T A A v A urt ot vbEoj ), o] 3 W3
valves. And, this piezopump makes up a panel type design. glo] o& AAEE FFEe HAHE FIUS AR vl
The ATILA simulation was performed to estimate the HAeA 71 AdALolo] &3 mlola R w7 APsHA T
operating frequency of the vibrating wave mode, to optimize I FA olFed AL F Qlrh thE2 AAIFY 3Hde]l Mgn
the design conditions of piezopump such as structure, elastic 7V HE BAgE s FAHoR 3 Zlolt),
body material, piezoelectric ceramics, and to analyze the
distribution of vibration displacement. The best measured
value of the pumping rate is about 118 ul/min under the % = asin(==)eos ot M
following parameters 4-wave mode, 50kHz operating )
frequency, 200V,. 2y =—acos (——)sinwt 2
1. M = Zy, Z9 : standing wave 1, 2
ol 0] 0]1—39} AaWP g FATEE vlo|aw HFxo 3 AL a : vibration amplitude
7F 19709t SHERE] A FE ol g, ol FHE HEZE= x : spatial point of wave
Wﬂ%ﬂ]%@ﬂ*ﬂJ kel QlojA w9 Fag 9IS ) : wave length
e sk =4 3 = oksl = Hundy %9 L.
S2a) dbnsen T o BEel Sae dAE e @ cireular freduency
B o whEAQl FE T ot 7401044 gt el wlola g2 o s
. s o) % 214 2,5 H3d
Z= dFdolE e FAte] wE S WA 4 e Ay 1 2 ’
of AW U9 by wste] wEl A dEa @3S wHESh
%xﬂﬂ T F YER HFe 4TS s A2 WRE AR 2=zt 3
ATH1]. 28y MBE dedt ulel Zo] vbEEHE T2 & 2w
Aokel WA Bow A A4 Az 0w Sol WAsol 2= asin[(557) @
xo] £y U HFS A 7] A wrt
H}EW B ERdNE 4 Aze dEeEe fiols 2 (@] AFE YehE BANe] HFHow QojFirt o
AUFoR ol gForn, Wust 2e BYd PERE DX £ 293 wHdA HAACIEA FHL A7 AF wWAY
$T AEE FH 9 vielAR JLE Ajtste] flgk 22 TA ZoRA olg¥E Ayst wAe gale} z)
71\:41% 8H7§6}_TLX]- @"3]' Piezoelectric ceramic
fretass|dos A2 PAs HA AAsn, FE2ACE 7
A, sAFIF)e =E8, AA%] wE prototype THol T r ;
a2 PEE AZsle] AEE Hriste]l b Ao dses @
”1]74141:-4 ulo] A2 ﬂiﬂl«] A87tsdS A4S stk
_ T
v\__,/\/,:—:__\"_.l
. 'Kﬁﬁf Contraction
2.1 S0l HLIE .
vlo] AR HE = FE WA met AAY, dF9y, A7) AFeHE,
SR, g9 FEd %E 5 99 7 FFE UdE F Utk & %_j
3], b Algtg e XES o] §shes G FEWA vlolA® Hx= o \ ! :
Follolg 9] Fx7t vlad gesh, |vF A7) wiEe & fA ol Contraction FRo
ot A3 4 9r} 1 W% 7AA SHEETF wEa 97hA ©
o Wtz A FEFS AT F de FHE VA Joernw ¢ <28 1> Principle of producing flexural waves in a beam of
Ay wpo]am Paxol ik &gt Ak s 2] monomorphic structure
<O 1>2 7RSS e g AlgEe] WS vehde Ao
2 259 WE wgbA] A 9 $£5S oAl Ho x| &3]
Yebdth &, uFAGE VAl W 25 Aeld o A Al 2.2 Ol0|32 YME=O| M|
A FEHS WHESte] Al TS doya ojygt zlFd o3| A APs Y 253 BHY 5 WAYSES 1nstd, 44
AEE FHY F3e vlola® b W fAlo]dE TR Agtg el AEe] oa) BAH= A3 sin FAHH Y FFS
o]§3 4 Ut wtol AR HWixo] {FA olFE FME o8&d F UsS & F
uwto] A2 Hxol 7 F o]§ HAL FAY A oFd Aok T3 o]y F4 NFL HY¥S AR fX }L/\i Al ZF
Rnormz g g3 AAHEHE FHE oleAd F U= W o we} o)Edla, AAGE Ao g wak oy o
WHol Qg 3lr}, o Zao dAE 5 Qv dA"E zhzie] AnE HIE B3|
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<ag 2>E B eyl A% wlelam ghd Pzel A
49l 94e tebdl agolth A43 @ Feel wyAl 2
A= ehFRsl eha 7 gel wld wel: 27 oge] )
Al AEES 14sgnd H94 RA9 pxolth gl
e QA AR fA FAT, EETO S Bl da
2 FHoli= fAle FAWAE 8] 7D Ho] g
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Peristaltic traveling wave
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<&l 2> Principle of peristaltic traveling wave operation
for the proposed piezoelectric micro-pump

2.3 HSsHA AlIZgo|M

g3t Faaasiy AZESON(ATILA)E AHgdte] viel
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<9 3> B4 A g o ®:A 4-wave moded WO F
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Ehdl Zlojn, REof A4t SR Iy nte] AFe as)
T A%E Btk dAAer FUF Hdojd 45, A7t S
s EFd e A5 2 WAl Fasty] Wi Fow
A zkg et

Z-displacement

3.5047e-07
I 2.725%9e-07
1.947e-07

- 1.1682¢-07

- 3.8938e-08

| }-3.89450-08

- -1.1683e-07

-1.9471e-07
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-3.5047e-07

<&l 3> Vibration analysis result of the proposed
piezoelectric micro-pump

<E 1> Displacement depending on wave number at 200[V]
of input voltage

3-wave 4-wave 5-wave
2% (um) 0.40 0.35 0.21

<E 2>% 4-wave modeE ©]&3t= FEAA VAN
2718 WMIAAS W 1F WEs veEd o Fe] A
gre] =71el wdate] S74EE skl o 7ol A&e] 2
7l Aue Faek o] 7] wiel ol HZLo kAol
b AsHE WskEs B8 E4A 7EE 7 USS dnEe Ao
ok =g ¥4 modal analysis®] A¥ F2 FFE oF 50
KHzZ 7Ab= ek

<E 2> Displacement of 4-wave mode plate
depending on input voltage

100V 200V 300V

2% (um) 0.16 0.35 0.51

2.4 M 4 A
<% 4>% 50 kHz, 2349 AdA(sin wt, cos whE Al
of A7t F Ade TEIR Az"ed ARG FELE AA5]
& 2 et 5XS S45E Bt 452 943
o HYH 4 AAE 3

AE AYS w, BPo] 7tes FHu
200 Vo] A7FAStel Al wigte] dd W H F&5S 118
A v Y (maximum back pressure)-< 2z

<&l 4> View of piezoelectric micro-pump driving system
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wlo] AR FHEE HFoolE 9 wkRHQl FEFToZHE K
Ao WAl EFS Aoyl $I8te] AA WHe P dn
o ¥4 FEHE o= sir AT o)y FEFEES P
FAA MHEHE $FoR JAAA vRY J2E {Este
Fol fFAE AEsHA Aok s wlolAE HEZo EAS
AstA 7= 9oz gt} wEla] & AFoAE ol e
ANAS slAdsty] fete] A Fad gdA 3 gHe A
71E A AeaE o83t Jdee s olfFoay wWuel
2 EYAQ FEHE A ¥oWAMLE fA 559 dWdS
T2 4 Qe vlolazr HEZE AASta AA AzZEe] AF
< HIEAY. AT TS o &3 vlo]ARE FHIEA A f{A] o]
Fo A, WEe dadS nHsA Polx Hrk= A o]
= A% dAgtel WsE Fa fA ol Wk xdgho] §olsirh
= A, AW ZA e o]F o] URoA FAle dFE FEste &
A T3 Alzgloge] &) 7tEsithe H T o 7FA oA
S 719 = 3tk metA dEEES o)&steE vafA T
S&Y FAe fElAE FEHEATY AEH s dad Zlo
2 Algdh
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