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Abstract

In this paper, the calculation of the theoretical pressure transfer ratio due to the deformation of the
thin-plate spring type check valve applied to the small piezoelectric-hydraulic pump was carried out. A
thin-plate check valve is a flexible body that is deformed by an external force. The deformation of the check
valve affects the rate at which the chamber pressure is transferred to the load pressure. The theoretical
pressure transfer ratio for each model was calculated to compare the difference between the assumption that
the thin-plate check valve is a rigid body and that of the flexible body model. The P-delta effect was
considered for the calculation of the pressure transfer ratio of the flexible check valve model. In addition, a
verification test for the calculated pressure transfer ratio obtained by considering the deformation of the
flexible check valve model was carried out. The load pressure was measured by applying a thin-plate and
ball-thin plate spring type check valves, respectively. The experimental pressure transfer ratio was calculated
using the respective load pressure obtained from the experiments. The validity of the pressure transfer analysis
of the check valve, taking into consideration the P-delta effect, was verified by comparing it with the
theoretically calculated pressure transfer ratio.
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Fig. 1 Cross-sectional view of the sheet spring
type check valve (rigid body)
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Fig. 2 Cross-sectional view of the sheet spring
type check valve (flexible body)

Eq. (3)9 #¥
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Fig. 3 Free body diagram of the check valve
(simply supported circular plate)
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Table 1 Parameters affecting the pressure transfer

ratio
Parameters Meaning Value
external force applled chamber »
q
to the check valve Ploua
deformation of Wehamber »
w
check valve Wioad
radius of area where
T chamber pressure is 2.1mm
applied
T, radius of check valve 2.5mm
v poisson’s ratio 0.27
contact length after
or check valve 0.4mm
deformation
, 197
E young's modulus
GPa
thickness of check
h 0.2mm
valve
friction coefficient
1 0.5
(metal-to—-metal)




P load
b 44 44

A1

&
&

5]

=
=

]_

e

9

+od

°

Q

[¢)

Z}
)

SHA

S

AzWHe) #+d

Table 1 UeEpITE E3H Eq. (7)1
°]

=

=

sheo )
Wigad =

36

T 5 OO S oF oW om o m oW do > A
E@%MH%AH%QE%@&M = &%ﬁﬁﬂ -
— 1o 0 —~ I~ ) ) [
< B L T «l o mp T Mo X w a
T IR e T E R T R GRS _
= . m < = o oo mR o om A A RS | oK
) _,:E B ) O# q . 1ZJ| | ﬂ i él o - _Jlmﬂ . -
£ 8 Tegd Tapg® w0 g b b =W T i
o 2 o o o0 B b I o " - < e 3| 2 N sz i+
= T 2| 3 o I
. 2 %E%%FMM%@%WﬂW%? SlE M E g e -
8 oo oo KTo Zo oR m 2 oy = {2 W K
2 F - = Tomodo o ow M e I o B oW K0
§ > @ L R R = 0 . B OR > & il
3 = o _ = = zﬂﬁurodn.mﬂz:%ﬂ i < b W Ao s
m g .I.m o 2 o) Mu_rﬂ %o o) e 3 v H] - § Plo . o do o= = <t
g ges NMPAFT U TR YEI N & o S A
Ry m g - @ N i oF R’ M; - BT w o gr ¥ w I . N ol A+ oF
L TN~ I A > QI S s ) 5
g 5 B o o B oy X do il 5| ¢ RGO !
s 2 T E e P e E NS w e T S N H X 2w
SR T o T S® W
) - 0 — | —_
< T o o e mw = W 2 oo 1 LW T T TR <t
g oF B2 Xy - T SN S ® o ;T ol
= o# " % ,C_ ﬂ]mm N oqm o M_m w wm_l Caly M I c W o ,@|e %m% MM ~
0| NI s o X = 0 ~— . l
R I A g kB R N
WY HF MW T TR e W e w A g FAEmE T e
- T —_— E
c®wmow w on ® 8 o — W R T B X AR - ®
RN 23 =2 LSETuTk R o
b < o % T — | =% v T X .
Jo = - . oR D_.. r = , [ Il o A_l R m =
DRy . o el SO TN o
TRy E 5B Ul B R B AR R
- M e BB . | N ol = o To | <1l 0 ~
B oo BN o4 n PR — | ; = oAl oy S < N
b Bk s 2 G T |2 il N o Ko o
B ow i ww_ — I 1_72 | X ﬂm T Gl Mo Klo M oRE o
o 3 — —_— = — o m T
Wodo VIR oz oz ﬂowf o e & E%WM%,X%% g N o g
O# I~ = N _ S m mo ol ,Mi)o = W.uT\o - TR o = B [ 10 Ol— Kl ﬂl To
< v o s E U I oo KB i) LRI -
T o T oy W b G _ oF e ST S @ g W H W a®y
Wﬂ%dﬂzﬁ = Ewﬂ#% Z = &ﬂdr.frqfizo =_H_ o T g
_ T o = ; .
‘_H_ol 0 MW > d_ﬂ To ,hm MMne = < R + R w MW_I o z.L AMO Mﬂ T E—I |_|__.=._ O=._._ % 0
B o <o 3 o) moR ++ | oS ) = W oo % o = o = °
T I W os ® FORI- oo m LW iod T
[ — = = RS — —_ o) o
Moo oo T N = Wm ) S nzzn = o = % "o o il ._.__u_u mm o3
N g R OH E m™ o RS T oo oo _ﬁﬁ ool T ol K wr
cy . M 0 5 3 Il 9 = o o b o Tl o] =T n
R T = = A . 2 % S F o 0 Wy I wox e
SR Sy T HiE WS~ T R w0 o & W
e s 7 " S MW wF s on o - 5T
R Qe 5 % TR T © % 4 o =




37

1}

a

P-delta

T W R T T A T FRA R BN = T o
T ‘mW NI ‘m‘._ _n: wBe glwfl (@) ..w lL o OME ﬁ: ‘E.E sl ‘mL N = ﬂa U#
5 X ] N <] 2 <] R e
Lfp Uyl £ sAniuTes © B
N = T W 3 o 2 = B e WO Mook X
— 0 ~ = oF - A ﬁ: W
N ar 3 g < " do T o 0| o
wn g 2> 8 = L A <] o Ca
™Y s g N E N oo R gy W w2 =
B wT L : 3 v M e ¥ ¥ g
o woE S FD g ) o uz%ﬁr. T > g
5= % E W s A 3 = o BOEE o = s
W2 g # = _ - = = o B O RT oy o n 5 W
n_‘#.w Mﬁ A n - = AF ~ s S L LR i 4 o mﬁ R P e r
- N — 8 < = = . i
NS 23 P 2 ol 2%z 25 S 2T
LI N | - o2y - P pow S ST
cx e o< owT  |B . e R P ew e % I T o
DT W gk B 28 ¥ EQ w B g g o= 2 sy W W
X © N N . ES Py AL SE =
N . _ - T s =% X 3 D) X ~ q — 1o
B0 ,IF n ) W @aa m 5 A B oo w X " > o
= o Db mo ++ NI o a el W o e i . U =
= Jo < & o o) o) ofp —— m L = h.ﬁ | of NI o P
5 B Rom F o o e 8 8 8 s =& ¢ H & T oo E S
Fozs o= = N oo 0 E W B
N = o o M R e (Jeq)eunssaid ~ © oy T o N ® m | oy !
8o I 3 o . =1 = — . ~
N ks 20 oo g O Ry WO
PAETR TR T T = mmowmom B oo N AR T oo
TR T T T E M g B % F o e >
. ) —_— = — o ~ Iy o ‘Ul
£ . r o T o9 T T N F W o= oF S N
§ £ 8 c o b ®E T
g © = 5 2 CORi T ) Sro2n TGS ~ o S
lEgl 4 F = m o ok TR ST s o 1 5 B o X
§ E TPrepeime e BTN R .
38 & . £ 2 Mo o O E ﬂﬂﬁﬂo% 3
£ 3 T B o T L ® B’ X S
g s ¢ 24 = T oy T E e P oo S % o S B E
8 § R A XY 8w mT e T
- v @ R 9 ool gm B ) g
5 £ e e A w TR 5
s B s B O & E ADn w = M 5 Bl o - NN <
= © oo ol A = T <] oH R o o — 3 ©
I m: = I e TE " T o T oy < ajo o K 23 .
Po= 8 CH T g m T WL Ry 8 :
v T % BT o FR o RS o B [EE ;
2 & T oo BR T w2 moT g N Al 53 g
o 5 = —~ o o .ﬁ ~ = o— ) i H; —~ oI o ol
E: £ = 5 -~ DN = o O BT &2 -
| & < E s wH L T T N - ] I == @
< o = T oo Ve ~ I W?iﬁuﬂu_wa} aa
SE€E T hmpwE=Forgpu  Swm T4 oo |
" ST e ot HE MLk W e e gl
. C = my =0 wﬁa oG T 7.0 R 8 8 & 8 8 @
g o T = oy oL o) = =2l = 21 ™ e o o (1eq)aunssald
= mop X T oW RO LR BloEOB T
W BT REDHBE KETT T WA T W N

P-delta

Voltage(V)

Fig. 6 Experimental results for the saturated
load pressure (@120 Hz)



58 455919 o %S

4. &4 = 2 AdFE T sAF A4 JxAF AT XY
(ADD-13-01-08-24)°l 9lel 3= om, ol
B oo 4 Apeld Aud wa sxg g AR s
AAWBE oo o3 MFPo] IAstE Y HHEo
2 wagada, A s va g o A2 References
Wue] WEgs st o232 4y A HES
AAsEE T Aawy 2d e A2 JHAS F- E [1] Hsiao-Kan Ma, Bo-Ren Hou, Haiyuan Whu,
3} dElell A AW o] ukg A ¥ A WEo Chin-Yuan Lin, Jing-Jhe Gao, Ming-Chien Kou,
285k WA 2o dHdy gom, Fal E "Development and application of a diaphragm
o] Zgol= wHAHe AIWH Zo WAy micro-pump with piezoelectric devices," Journal of
ol whEbA], Aol A EAE ¢Fee] 1/2.78¢] HIt= Microsystem Technologies, Vol. 14, No. 7, 2008, pp.
Adgs = Aoz sddn. 2y A2BEE 74 1001~1007.
2 2ddgste] e o3k WIS agstA HW A [2] Junwu Kan, Zhigang Yang, Taijiang Peng,
HogEe e g 1 4y Jde vE&S WIsA Guangming Cheng, Boda Wu, "Design and test of a
Hr. high-performance piezoelectric micropump for drug
A AFWE wdo] ¢ke] A v&S F3tr] 9 delivery," Journal of Sensors and Actuators — A:
sto] AawiBe] wAwEEo g g5k Fab el Physical, Vol. 121, No. 1, 2005, pp. 156~161.
o AAME ] LAst= EHE P ojof] ©pE WY [3] John P Larson, Marcelo J Dapino, "Reliable,
< uysgY. ol s &84 d4S P-delta &3} high-frequency miniature valves for smart material
3 3k, o]& 1y ste] W o= Ka) e 3 ¢ electrohydraulic actuators," Journal of Intelligent
g AG HE&E AASHE A Bl @AY Material System and Structures, Vol. 23, No. 7,
dAA3] 2 FAE HolA Hrl wlr, P-delta & 2012, pp. 805~813.
IE a3 AFWE wE2E FI 4 o dd v [4] Youngbog Ham, Sungjin Oh, Woosuk Seo, Jungho
Fo] Bte #X0A AFd] A AdS A Park, Sonam Yun, "A piezoelectric Micropump for
o gk ~xE g A Ay ¢4ES 100% A Microscale Pumping Systems,” Journnal of Drive and
et = e B-uky A2y ¥ AQaues zhz 2 Control, Vol. 36, No. 2, 2009, pp. 17~25.
g tdoz AAT 4 F3 4= vE F9A [5] Daniel J. Laser, Juan G. Santiago, "A Review of
Ay mds F3 4 oZ240 4y M v& Micropumps,"  Journal —of  Micromechanics  and
I vl A E A7t Ay @ FosE 9 Microengineering, Vol. 14, No. 6, 2004, pp. 35~64.
Aal7t A=A, Adgdz, A7F AT F3h5o [6] Brian D. Iverson, Suresh V. Garimella, "Recent
FAGlo] E-vrd 23y 3 A FWHoe|] vla vt &~ Advances in Microscale Pumping Technologies: a
%ol

ok 9 = Review and Evaluation," Journal of Microfluidics and
—delta &3& 183 w3t 2 Nanofluidics, Vol. 5, No. 2, 2008, pp. 145~174.
s

[7] Anirban Chaudhuri, Norman Wereley, "Compact

. e hybrid electrohydraulic actuators using smart materials
Al AawBe] W S g o]2A 0 oy AY H : A review," Journal of Intelligent Material Systems
& o] 443S A S ERlsh and Structures, Vol. 23, No. 6, 2012, pp. 597~634.

[8] Minji Jeong, Jaihyuk Hwang, Jaesung Bae, Junyong
_§_ 7| Kwon, "On the Pressurization Characteristics of Small

Piezoelectric Hydraulic Pump for Brake System," J.



P-delta %5 1&g vy A3 3

39

[10]

[11]

[12]

[13]

of the Korea Society for Aeronautical and Space
Sciences, Vol. 43, No. 11, 2015, pp. 963~970.
Yonghwi Joo. Jaihyuk Hwang, Juyoun Yang, Jaesung
Bae, Junyong Kwon, "On the performance test of the
Piezoelectric-Hydraulic Pump." J. of The Korea
Society for Aeronautical and Space Sciences, Vol. 43,
No. 9, 2015, pp. 706~711.

Yongha Hwang, Jaihyuk Hwang, Jaesung Bae,
"Pressurization ~ Characteristics  of  Piezoelectric-
Hydraulic pump Adopting a Ball-Thin Plate Spring
Type Check Valve," Journal of Aerospace System
Engineering, Vol. 12, No. 2, 2018, April, pp.
15~22.

Yongha Hwang, Jaihyuk Hwang, "A Study on the
Design of the Check Valve for Improving Load
Pressure," The Society for Aerospace System
Engineering, Fall Conference, pp. 102-103, 2017.

E. L. Wilson, A. Habibullah, "Static and Dynamic
Analysis of Multi-Story Buildings, Including P-Delta
Effects," Journal of Earthquake Spectra, Vol. 3, No.
2, pp. 289~298.

Christoph Adam, Luis F.Ibarra, Helmut Krawinkler,
"Evaluation of P-delta effects in non-deteriorating
MDOF structures from equivalent SDOF systems,"
13th World Conference of Earthquake Engineering,
No. 3407, 2004.



