USTAKAAN

PERP UMP
pevetopmen |[[ILIIIIKI ~ow-cost
0000113719 '

Wearable Servo vaive usmng puckled Tubes

and Embedded Controller

2016

Okayama University of Science
Graduate School of Engineering
Systems Science

Abdul Nasir bin Abd Ghafar



TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION ..ot 1
11 I:{psearch background and objectives .......... R 1
iji l;'revmus studies and basic concept 8
1.3 TheSiS OVEIVIEW  «.evieieiiiiiiii et 13

CHAPTER 2 TWISTING TYPE SERVO VALVE........................ e 15
2.1 INrodUCHON  ....iuetiiieit ettt et et e e e e e a e e e neres 15
2.2 Construction and operating principle' ................................................. [ETT 15
2.3 Basic characteristics  .........o.iuiieiiiniiiii e 20
24 Position poﬁtrol of artificial muscle using tested valve R )
2.5 Pressure controlled type servo valve ..............ccoiiiiiiiiii s 29
2.6 -SumMmary .......oococceiinienniiii, et e e e e 36

CHAPTER 3 IMPROVEMENT OF THE VALVE —- BENDING TYPE SERVO

VALVE- e e 37
3.1 INtroduCtON  ..o.ceiniiiiniiii i e e 37
3.2 Construction and operating principle ..ot 37
3.3 Basic characteristics e, 43
3.4 Position control of artificial muscle using improved valve .............c.coevvininnnne. 45
3.5 Pressure controlled type SEIVO VAIVE  .........coeveereiiieeiieiiiee e e, 48
36 SUIUDLY  +.vveeeeeeeeeeeseeeee e e e e s eeees e et es e e e ee et e e eee et e et e e 53
CHAPTER 4 ANALYTICAL MODEL OF BENDING TYPE SERVO
VALVE ... oot et 54
4.1 INOAUCHON ...viiiiiiniiini et et et e e e et e, 54
42 Analytical model ....i..oiiii e 54
4.3 Parameter identification ...........c.cooiiiiiiiiiiiiiii e 61
0 N1 01151 o N SOOI 68



CHAPTER S CALCULATED RESULT OF VALVE PERFORMANCE ......69

S0 N § 30 Yo L1 T 5 o) A 69
5.2 Calculated static characteristics of the valve .......vuneiii i, 69
5.3-"- Calculated dynamic characteristics of the valve  ............cccooieiiieiriineinerinnnnnn. 71
5.4;,, Optimal arrangement of buckled tubes - ....:........... 77
55 Summary T P P IT P PPPRRE 82
CHAPTER 6 CONCLUSIONS . ... .oeeoteeee oo 84
ACKNOWLEDGEMENT O U U 88
| 23 D8 1 1 24 D0\ (64 D ST 89

PUBLICATIONS. ..ottt e 95



NOTATION

A; : Sectional area of buckled tube [m*] -

br : Damping coefficient of disc with buckled tubes me/(rad/s)]
Dgz; : Dufy-ratio__coqesponding to the dead zone of the valve [%]
duty (i).::Input.duty ratio to the RG:s_er\‘go. motor [%]

e(i) : Deviation.ofithe displacement from the desired position [mm]
ep(i) : Pressure deviation from the desired pressure [Pa]

i : Motor current [A]

Jy : Servo motor inertia moment [kg*m?]

ke : Reverse electromotive:force constant {Vs/rad] |rd,

Kp : Diﬁ'ér_entipl-; gain:for positioning control of rubber artificial rﬁuécle [%°s/mm)]
Kpp : Differential gain for pressure control [%-s/kPa]

K, : Proportional gain for positioning control of rubber artificial muscle [%/mm]
K, : Proportional gain for pressure control [%/kPa]

L : Dead time ofiservo motor:[s}:

Ly : Internal inductance of servo motor. [H]x

P, : Atmosphere pressure [Pa]

P,. : Outputipressure of:the valve [Pa]

P, : Supply pressure-ofithe valve:[Pa]:
“Q, : Exhaust flow rate of the valve 1[kg‘/s]

O : Suppiy flow rate of the valve [kg/s]

R : Gas constant [J/(kg*K)]

Ry : Internal resistance of servo motor [Q]



rr @ Distance from the central axis of the motor to the fixed point of the
right/left tube [m]

rn Di_étance from the tube buckling point to the tube holding point [m]

T Absolute temperature [K]

u(z) : Control input [%]

Vee : Supply voltage to servo motor [V]

Vu : Applied voltage to servo motor [V]

V, : Volume of the tank [m?]

Wr : Distance from: the motor axis to the buckling point of left/right tube [ni]
6 . Motor rotational angle [rad]

0,0 : Initial angle of buckled tube from motor shaft [rad],

0, : Target angle of motor [rad]

Or . Buckling angle of buckled tube [rad]

x . Air specific heat ratio [-]

p  Atmospheric density [kg./m3 ]

v : Generated torque of the motor [Nm]
T © Restoration torque at motor shaft given by restoration torque of

buckled tube [Nm]
Trmy : Motor torque corresponding of Ky *+ V3/Ry [Nm]
tn : Torque generated by the restoration force from the buckled tube [Nm]

AT : Sampling period [s]

Here, suffix "i" in certain equations will indicate "L" and "R" that mean left and right,

respectively. Then, 0 indicates the initial value.
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Abstract

In this study, a small-size, lightweight and low cost servo valve is developed to
replace the typical solenoid valve. As an inexpensive method of changing the opening
area of the valve, the method of changing the buckling condition of the tube using a RC
servo motor is proposed. 3-port twisting type valve is also proposed and tested to adjust

its supply and- exhaust states -at the same - trme -In order to decrease its’ non—hnear

....................

charactentstlcs in relatron between output ﬂow rate and motor rotational angle, a new

couction :

3-port bending type servo valve that has smaller hysteresis characteristics and smaller
Constructiop oo o= -1 avineinle

overlap Zone is pr&poged ‘Furtllermore pos1t1on control of rubber artificial muscle using

.........................................................

,.-

tw1st1ng Vand bendlng type Svalve are carried out.  As-a result, the standard -deviation-of -

positioning‘errors using -bendmg-type valve 1s.1mproved‘from 2.0 mm .t0.0.9 mm. Also,..

....................................................................................

control result the improved bandW1dth frequency of 4.1 Hz was obtamed compared
with the prev1ous pressure, contr;olled twrstlng type valve that 1512 2 H\z Therefore the;‘
valldlty and better performance of bendmg type valve was confirmed. For optlmal'
design of the’ valve ‘an analytical model of the valve with embedded controller -is -
proposed.-The. system parameters are also identified. Especially the relations between .
the buckling angle with respect to the, restoration torque and the tubes opening area are
assumed as empirical formula from experrmental results In order to confirm the val1d1ty

[P TSN FANNAWE RS - LW T ] ST WY

of the proposed model and identified parameters of the Valve the calculated statics and
< roshon conirol of artilos) muEcle NI NG c00 T U T D e e,

dynamrcs behaviors of the valve model is compared with the'experlmental results. It is
obtained ‘that the Wcailculated results” usmg " the riiodel agree ‘well with the ‘éxperimental
results. T{8an"be concluded that the proposed-model and identified parameters are useful -
to estimate the performance of the valve by changing the arrangement of two buckled
tubes. Moréovet, i .order 5 ‘obtainTthé optimal arrangement of buckled tube; the
calculation results of pressure trackmg control performance using the valve with various |
arrangements of two buckled tubes is carned out. Thus, the optimal design parameter of
buckling point and the initial buckled angle of tubes and optimal control gain can be
obtained. Based on the calculated transient response of tracking pressure using the
optimal values, it can be confirmed that the valve performance with optimal design

parameters can be theoretically improved.
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