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= (e + Fxn ) 0058 = 8) + (e + Fyn)sin( 8- 5)

+(Fxr + Fxn + de Jcos B+ (Fyyr + Ry + Fyd JSuip;

- 1 y \
B= W{(FXfr + | )4 Fvir + Fyp ) cos(B +4

+(Fer + I:Xrl + de )Sinﬂ+(FYrr + |:le + Fyd )COSﬂ}—}/

L : I
y = T{(FXfr + Fyq )SING + (Fyge + Fyqy )C035}—Tr(|:vrr + Fyy)

d o
+ ﬁ{(FXfr — Fxn)cosd + (Fyg — Fyg )sin 5}—i(Fer + Fx )
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(vcos B)? + (vsin B+ w)?

W, 0S5 >

yd=

(vcos B)° + (vsin B+ w)?
2

Ng =WooS(l¢ +1;)
Wy — Cyﬂw
Wy=Cn:8W

vsin g +w
B, = arctan P

Vv Cos
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Value
1717[kg]
27419[kg-m?]
1.01[m]
1.68[m]
1.5[m]
1.5[m]

77:/’($j1ftﬂ]"35'/fiﬁﬂrﬁ|”ﬁﬂ% CNORNNOXION (26,0,0.57)

Param Value(Lateral,Assist) Value(Velocity
0.5 2.5
1.5 18
2.0 5.0
2.0 6000
1.5 3000
0.02 200
7.0 0.3
5.0 0.03
0.02 0.02
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W =i Param Value (t<30) Value (30<t)
oF 34455[N/rad] 25703[N/rad]
C,  25703[N/rad] 34455[N/rad]
v.(0)  7.5[ms] -
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Inlet valve

Outle

-J-L

Permanent
magnet

Sensor

\<Soft magnetic core

Chamber I Diaphragm I
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Electromechanical model

The pump is modeled as a damper-spring system.

Force moving the vibratory element

X4 Vibratory element
! |
I
: i x| Distance traveled by
mx ! vibratory element [m]
_J\/V\/_ m | Mass of the vibratory
X 0 element [kg]
Damping force of the diaphragm x, | Distance to
e s F . =CX equilibrium
F I J | Spring constant
c A
B % C | Viscous friction constant
i i —> Fq = kX 18




Force equation

mX = F. + F, —kx—Cx

Forces generated by the coils

Csgn(1)K 12+ K, + K,

F .
(Xd_x)

= Sgn(lc)Kllcz + Kyl + Ky
i (Xg +X)*

Coil current

. _e—> (CX
i |
F, L
<71°
1 Tk
X 0
K, | Coil attractive force
coefficient
K, | Coil-permanent magnet
correlative attractive force
coefficient
K, | Permanent magnet
attractive force coefficient
I, | Coil current [A]
R. | Resistance of coil [(2]
R, | Resistance of the circuit [Q]
L Inductance of coil [H]

o

~

Input voltage [V]
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Membership functions

.| 0.8
J,| 0.04
g,| 0.5
C,| 9.3
c,| 15
oafem— | L e] 2
- 1 1 1
o+ Cq| O
02 €. — | | A S A 1 lc.| 0.8
BG :
gl S\ ) A A SN Cs | 0.05
-15 -10 -5 0 5 10 15
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Center of gravity defuzzyfier

V

Cl

e, @) (v,)dz
e (2)dz
1 — . i
0.8 | VCi; .
Vci3 ==
0.6 | Veip, —
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0.4 | Vei, —
Vci- —
0.2 | =
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