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Flow/Solid Interaction Analysis for Design of Medical CSF-Flow Control Valve

QLAY 837, o]FHI
C. S. Won, N. Hur, C .S. Lee

Pressure-flow control characteristics of a commercially available cerebrospinal flow(CSF)
control shunt valve was tested using fluid-solid interaction analysis. Pre-stress of the valve
diaphragm(membrane) was computed for proper valve opening. The results were ir. good
agreements with the valve specification listed in the commercially available CSF rontrol
valve. Tlxe results of the study can be effectively used to design variety of CSF control
shunt valves.
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¥ 3% 9 (cerebrospinal fluid; CSF)& A% 3&3% ¢¥de THste T4 dAZA, o
9 FFRNBAE #ARY BEsE 48 dh 499 FS 2 ¥ o 200m! AEo)H T
500~600 m! A= Fu|HE3 A HPRo 2 FgEch HAAF Yo o9 Fr7]|AY EFE =
 H3ye ¢UFEY HHE Asd Hi(ventricle)d #HAY FAHE AHE FFF
(hydrocephalus)e] & %t} CSF AEWMH (shunt valve)s £%%F @29 gy o] &5
FHAhe 299 JRI|TFEA, H4 &9 #Y FHHE HIF4E AAHN F7] 4T FH o
ol AEMEE H4 te] 4 wetd xHHo FFE WMEAINE 7IT S Y AFE A
A Zog fFo]l EHNA RIFEE Fde dFd Azdy A8z vk dF PG dutH o=
2ola Qe HEA2YLS Mz HEWH QTFE FHE JluH(catheter)2 GZ83 HEEE
79 BRAeld 71 stEHE dddy A e A A B (peritoneal cavity)ZF
oz wEAIE 717t Aed BEAAG(EEY JHE)E 98 714 ojf= Ay 58F
50%7 e AeEe 83ta Qe Aolth. A A o8 i dale HEWIHE] %
Wea glen Zk gagduitt EFo] oy £5Fe Asqddd FIHAME A ¥xd e
2 a8 rHil

RAEYHY 713 F88 7|5E AY-/4F ZAEA T Ad 2y shte] disid b
9 Y-z AEe F95d V8 HAFHA @& wMEE A A d0. B 4
FAMNE AARCRZ AFFRE) HF & 8B 02 PS MedicalAtd CSF HEWE (Fig. 1,
)] didte FE-#% 2d EHE £ANN L T FPQAh o] MEHE Hgol 4F g ol
A4 YA g9 749 tolol =YW dH2Er HuHdeln AH 6mm, F4 0.45mm)e]
AYE Bt HASAe 3% FP(Fig. 29 LT oR WEAIE FZo|H dolopx
o] FA19 pre-stress(X7IWH)E o] &3 GH-{F AT L ¥AY 4 Ut Fig 3& PS
Medical®] 714 tt& FA9 tlololZ o] tizt JH-FFERE BoEY ¥ dFdME Fig
39 E4ZM %o1A medium pressure valved] didte] {EMA F= A S BA3td tholo}
o] Y P(YFE o}fZ Wgozo HA)L A ol w2 YE-/FF FAJHE ¥
st B 479 daE 98 4E-FF 2ASAYS 2= UG THY HEYEE daglE
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Fig. 1 CSF-flow control shunt valve Fig. 2 Schematic diagram of CSF-flow control shunt valve
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Fig. 3 Pressure-flow characteristics of PS Medical
CSF-flow contro] shunt valve
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£5 e 44 Z=9 STAR-CDE AH431¢l28[2], Fig. 49 22 A FAE o] 43H
o} Au] AL HgEA, A4 AH, 2F 4% 945 AN &5 $AHAE ALY 7
ZHAd ALY A AE $ 158612719 A& AL Hen oF fA 4L 1120607, LA
A 465527001tk AR CSF 4% Ao REANA §F 4T 58 THo2 HEY Yo FHH
dAolza A4 Axe A AP, FAWAE symmetry BAZAE ALY AE &
ot AA 2AE gFzEAN 2F2A & AL ¥ £3A 9 AHE G244 9%
o AZA HE2 ZE4AE 20T E2 /HH9R Fol 4% e ¢=H) wEo] Wy
& AAFgoez W AF-FHEALL HHHFAT.
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Fig. 5 Axi-symmetric finite element model

Fig. 4 Computational mesh for flow analysis for valve diaphragm
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& #ANE T & HEHY 4, oAU UYL ¥ IF FPOoE FIIHA EXTT
gty FE HANE F7] 9 % 24 29 due] FYue nwdd S0} €4Y 24 &
AR SdF 848 AMEHLEHN AN AAE DA TE £ UMD o2 AN AP
o 9% 5HE g F AN FRHAH AHEE AL AAE Fig. 59 dehiA F 65070
g0 HEYH ALHE M dHP2EM ] AaFHE asq YEI @AAFE 2, 3
MPa, E54lE HAEAE 239 0499 #%e FAY. /¥ 824 A4 L ABAQUSE <&
3t TH3L.

23 f# Zz S S| &

2 dFdga e 3A F /IAE o] NS FP5AY AEMEUY /5% 4L 2
Zlele West @84 Akt A% P (opening pressure)e] HW IoiRE BET dEM &
A7 £8 wWEd & MEE pre-stress7t FoA AHAAM ZEEE 99 EH Fig. 59 tholo}
ZPN FE e AY WA ¢ FHANE LEF EREY FoUt FERAFEYY Folnd
A AA"9 o wekA gelol= o] Fig, 294 o] E&t2¥ wojx o] AAHW 7w
o] A7|™ pre-stressol & UAYF opening pressureE ZA ot olHF FE& :E A
pre-stress’t §1E % $-(Fig. )% AE B5-(Fig. NE FF Urol AdE U pre-stress§
F5 Aol HL837] gt 4 72 HHE T3 pre-stress7t FolA A9 WEHI ¥Y
g AAstm oy dolx wWrHo ¥YAS o]§8d Fig 73 o] ¥ A FAAE UHAHL
Tz FP¢ B3 YE ) opening pressure’t 80 mmH,0 79 tholol =yl £ offZ
wgko g o] x7] WY Fo] 1176 pmol™, o] gke] HEH WHE AL FAA(Fig. NE o188 F
5 e St 5N 98 vle] ALY opening presswrest 271HF L HAo AL
" AA "gEe taQl Wssl 293 A X

FE/TE AERE UL 75 Y dAE o)L FAAH Sle dYolol=P ] ¥y ¥
& d&3in, W dolot =P L F5F A 4FE X YsHAAE WEANE
E5o $8AA e Rolth dAHE o] JFe FHEAFA AL 45 oil fenced} ¥H o
& A7 AHEEuAT4] FF5/TE B3FE 7|ME CSF Ao} Bxd HE37] As1A mean
value W& Abgsden o B$He & 2o 4 e q=He] digy Fx HNE 3
3 oluf 4L WHe AL olfdd fF AL £YPYAL. FF HAL T 9L q¥e
Tz AAd H4d A vadte] dHe] WP Qo] dXHA G& AS A HIFE
Fae] T dHd AFE sk T ALE FX HN3 §F AN 4 dEHHg Uy
Fo] AXE WrA wEHHE 2 dF Fig. 84 WYY A ¢meEL Fig. 99 AAs
fev, Table 1€ 72 i {5 Ao Fulg g AL NS eblUch

Fig. 6 Computational mesh without pre-stress Fig. 7 Computational mesh with pre-stress
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Fig. 8 Ex;mple of mean value method Fig 9 Analysis algorithm

Table 1 Computational conditions

Flow Analysis Structural Analysis
Computer Silicon Graphics Origin 2000 | Hewlett Packard SPP 2000 S-Class
CPU 4 4
Memary 2GB . 2GB
Hard Disk 36GB 22GB
Analysis Program STAR-CD ABAQUS
Number of Cells 158612 650
Calculation Time 5 Hours 1 Minute

3. 4 Ax

S 4 /Fol 5 10, 20, 30, 50 mi/hY Aol di] AME FAch. Fig. 10, 11& 2
H oo}z B9 459 £E HEs ¢4 R¥XE 242 Yedd &% £XE B9 tojo}
T (flexible)d L (rigid) Aol FEH FHs 27 Z7H84E B ¢ Ak o] REAN 2
deAs7t AW ol AA ¥EE AxddNg GHAHe gRrEL AN ¢y B¥E ¥
W tololZ e ojgWe FYH A4 RTE AT, olohz P QAN AL BREA
o FAY ¢YBeY gL v webA dolopz (o) F Mue} FHe 9, kAW <}
A8 47] 984 B2 QddNe gEe WH WFE & AL 293 B8y A=
045 mmZ WS HE e ANEE ¢ ojgu JAAE FE: Pu 29 uIHA ¥
=3

Fig. 12, 13& pre-stress7t §1¢ W W Wy d Fg3t ¢S vehd Jd=eln), 7
Z AN BE QA GRASE G2 st AWSFATHE=2, 3 MPa). 9 &L HEWHA A
£5E Y2 dA2EN AW 20% 2EHA WM SYAS WSl AgEt A 2
g ud B4AS7 S48 Bro wys(tholol XY BREY o}y wgozd HW)e 7
o}A®, MHd Zelt 4He AAA €k AL 3 MPadl A, WHFL oF 12%AE
283 ¢HE BURZE Z48 2P AFE AR oY 4L udd Puo A8E
Adscor & Aoy,

Fig. 14, 155 pre-stress& I813td @AASF 2MPag zt: WHo] Wy Fa FAL3e 4Y
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< YERRAE fFo] gl o BH 4 pre-stressE 80 mmHL,0F F17] WEd AL i o
< ZAFgME FFo 2w dFol 80 mmH,07F Hojok &Awt aYmoA 2H < 81
mmH,0 FE7F @) ol 4E¥As7t 333 dojut WHe EREY o] dHFE T3
cd ¥ L5 dEQ Re2 AZdy. Fig. 1594 My cjolop = P A e] ¢4 3}(JPvalve)
ot AM2q) AA 9 GYA(LPota)E B |FFo] F/NEFE 1 Aot A AZLL B F 34
ol ¥l FUHE W My AAge T8 Y99 g% ¢RI FrrHo galAr] f&eld
Fig. 15914 Shunt A <, &7 Atole) FHAHFHE RS = 85~92 mmH,02 4 Fig. 3%
Z°] medium pressure valved] ZFE ¢ WY ¢ A Eo] 2[5l

FE FAHN ALgd AF FYE PS Medical®) medium pressure CSF #2929 AdZd 3
o o&d fr3Fe] 5-50 mi/hr Atejel A M AA ) ¢HA3E 815115 ~ 101.4+2.7 mmH,0 2
ZAHAR & 79 FAHN9 i dold ¢AAEIE 4FA vlE o HA U o
fre ¥H Yooz Yy 9 st HEY XA AR ESPFAHIolLZY F AFE @
A Y EEY)Y 9d¥2o2 Alr€EY Fig 1491A E dololZ P el MFFo] 10um o]
22 dojelzd WY 2Z(AAY) & € EEY AFFA I ¥5d HYE ARHY oz
Aete] wlFEA o AHAEHI o AVA € A5 ¢ ok B 479 47 dojA ¥
o] 2L HAF(olotz el ol AL )L nHH & o ¥ A ZAd folojxT P FHEX
E QR Fa GE Fot FESo HRAFS ¢ F vt 2HEE ARG WEEL 9de] 4
8 53 dE-F 54 S AT FAWYES ¥ g8y e Aoz Alggd

(a)

(b)
Fig. 11 Pressure distribution on the valve

Fig. 10 Velocity vector around the valve
e v o (a) upside view (b) downside view
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Fig. 12 Valve displacement without pre-stress Fig. 13 Pressure distribution without pre-stress
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Fig. 14 Valve displacement with pre-stress Fig. 15 Pressure distribution with pre-stress
4. 3 &

FE/4E BEAEL A4S B8 CSF Ao Wrd ZA&3e 4HFA dgFeS Adsigdd.
2 A7 B8 ¥H9 @AASI 2MPaol I pre-stress?t HEH %%, WE o] opeing pressure
9} 7] WyFo] Al WH g IXFHYPn PE A9 qPA(E HA ALHI U=
CSF #lo] wHe] 948 W9 o oS EAY + AUtk 28t 4 wdtod FAHA
aste] FHo]l ¢ty 712718 BYed ol ME ool P W] Y FL FAE A
3] AE o] AFAFAY FUREV FFA ¢ AYZed dAH IFE v Q7] HEL
2 Alggy, ¢oz gUd 59 HE AF AN §5/7% FEFE dXo] afHoz A
4319 tholop= e /|G F /1Y F, GH-FFEATA, AFA dolot = JJFE
u)g d&dte] WE HAUSE R RUxEg AFTA FF 234 AT F AL A
olt}.

Z 7
E d¥e EAEXR FHAT “O9FF AAAYL shunt systeme] 71E” (HMP-99-E-12-0005)
9 Aoz FPHUS.
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