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Improvement of Control Performance of
Hydraulic Motor Driving Device by Compensating

Non-linear Flow Characteristic of Proportional Control Valve

Jin-Ho Yun

Department of Mechanical System Engineering,

The Graduate School, Pukyong National University

Abstract

In a hydraulic motor drive system controlled by a proportional valve, a
control error occurs due to the non-linear flow characteristics of the
proportional valve. This nonlinear flow rate characteristic is caused by the
existence of a deadband in which the spool is not fully opened even when a
current 1s applied to the proportional valve.

Errors occurring when controlling the hydraulic system have a risk of
leading to a major accident. For example, the Emergency Shut-Down(ESD)
valve system is a hydraulic motor driving system that prevents accidents by
quickly shutting off and controlling abnormal LNG flow and pressure when it
occurs. At this time, an accident may occur if the fluid is not blocked and
controlled properly due to the non-linear flow characteristics of the
proportional valve that controls the hydraulic motor.

In this study, the control error caused by the nonlinear flow characteristics
of the proportional control valve is compensated. The hydraulic system of
interest 1s the ESD valve system described as an example. The flow rate
supplied from the power source(hydraulic pump) rotates the hydraulic motor
through the proportional control valve. Again, the hydraulic motor rotates the

reducer, and the stem connected to the reducer rotates. The stem moves the

viii



globe valve disk up and down. As the disk moves, the flow rate of the globe
valve is controlled.

A Sliding Mode Controller(SMC) with robust performance against
disturbance is designed and controlled so that control errors do not occur in
factors other than the nonlinearity of the proportional valve. SMC is one of
the fast and robust control methods in which the error converges to zero
along the sliding hyperplane. In the case of the controller coefficient, it is
first designed by calculating it mathematically, and then modified to a more
reasonable value through simulation. In addition, a control error may occur
due to vibration caused by internal noise of the controller. To solve this
problem, the Sliding Mode Observer(SMO) is designed and used. These
observers suppress internal vibrations in the controller and help stabilize the
system.

The stem displacement control experiment is conducted by dividing the
nonlinear flow characteristics of the proportional valve into compensation and
non—-compensation. Root Mean Square Error(RMSE), which is a control
performance evaluation index, is calculated to quantitatively compare how

much control performance has been improved.
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Table 2-1 State space experimental parameters
Symbol Parameter Value Unit
Effective bulk 9
3, 1.747x10 Pa
modulus of the system
D Motor stroke volume 5.029%107® m?/rad
¢ Damping ratio 2.5 -
K, Valve flow gain 2.667x107° m?®/sec/V
r Reducer radius 0.051 m
M Valve disc mass 1.29 kg
V, Volume of both chambers 5.225%10™ m®
Viscous damping coefficient
B L 0 N/m/sec
of the load

G Spring constant 0 N/m
K, Valve flow-pressure coefficient 1.9x107 1 m?®/sec/Pa

13
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Table 3-1 ESD valve AMESIm model critical variables

Title Value Unit Title Value Unit
Motor Shaft Speed | 1000 rpm Worm Diameter 70 mm
Pump Hydraulic Fluid .
_ 13.8 | cc/rev 25 C
Displacement Temperature
Valve Maximum , Stem Mean
16 L/min , 12.83 mm
Flow Rate Diameter
Relief Valve
) 40 bar Stem Lead 1.8 mm
Cracking Pressure
Hydraulic Motor Glove Valve
_ 6P celfrev | - 12 mm
Displacement Displacement Limit
Gear Ratio 2.5 - Glove Valve Mass | 9.155 kg
Worm Wheel Proportional Valve
) 102 mm 10 mA
Diameter Input
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Table 3-2 Simulink SMC coefficients

Variable Value Variable Value
¢ 5776 ) 10
G 152 ) 2x10°
D 0.5 a,, 0
a9 1.0084x10° a,3 0
b, 2Xx10° - -

3.2.2 SMO =24

2 A% DAl 93 AHY aHE B2A77] 98 Sliding Mode
Observer(¢]3} SMO)E A A 3k},
2 (3-1)S AA " SMOE e
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Fig.3-4914 1& 2 (3-1)& 9w]dtt} 2= 2 (3-1), SMO 293 94S
ol gt}
Table 3-32 A3 SMO<2| v elE A2lsh Aot}

Table 3-3 Simulink SMO coefficients

Variable Value Variable Value
M 2x10* v 10
lo 0.001 - -

323 MAY §354 24 2d

Fig. 3-6= AAIZ Y 754 B4 49 Simulink E54%=0]H

1-1

Fig. 3-5 Simulink non-linear compensation block diagram
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Fig. 3-8 Stem displacement control simulation result
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Fig. 4-3 Stem displacement control results with SMC, SMO
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4.3 RMSE 7}

RMSEE Aol oatel A% #Bwel Agoez 78 & Ak RMSE:
dZm5sh @97k 2olel AeHe Aol A% w@ike] sty ot A
(4-1)3} 7o},

(4-1)

RMSE® ol&d o oA 2,9 &2 744 5 Atk z, -z, #tol #ad
W RMSER #23l3, o]t AlojExd F@sivte ouolunz 0d 74
$% o ¢33 Ao e Ak

Table 4-13} 4-2¢] Fig. 4-33} 4-4°] Ao tfg RMSEE YEtH

Table 4-1 RMSE of stem displacement control results with SMC, SMO

Control Objective RMSE Control Objective RMSE
(mm) (mm) (mm) (mm)
11 9.93 8 5.17
6 2.03 4 3.12
2 1.28 - -
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Table 4-2 RMSE of stem displacement control results with SMC, SMO,

Non-linear compensation

Control Objective RMSE Control Objective RMSE
(mm) (mm) (mm) (mm)

11 4.02 8 2.6

6 1.85 4 1.25

2 0.63 - -

Fig. 4-5% #A A¥ZA3te] e RMSE #g o=z vedd zel
Aol Hx7F S5 AESHIAN ©§ A & 245 7/IX B2 RMSEZ <
7hetth vy FEF5A B4ES § Table 4-29 Z9-7F 2183 ¥-2 Table
4-13 P& o A FRhelA o e RMSE @& 7H= A& & F 3

=

—=&— Table 4-1
—&— Table 4-2

Control Objective [mm]

Fig. 4-5 Comparison of RMSE with all experimental results
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