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ABSTRACT 
 

This paper presents a practical method of pressure control for a hydraulic oil-pump system using an SR (Switched 

Reluctance) drive. For a 6Mpa grade hydraulic oil-pump, a 2.6kW SR drive is developed. In order to get high performance 

pressure dynamics in actual applications, a data based PID control scheme is proposed. The look-up table from a 

pre-measured data base produces an approximate current reference based on motor speed and oil-pressure. A PID 

controller can compensate for the pressure error. With the combination of the two references, the proposed control scheme 

can achieve fast dynamics and stable operation. Furthermore, a suitable current controller considering the nonlinear 

characteristics of an SRM (Switched Reluctance Motor) and practical test methods for data measuring are presented. The 

proposed control scheme is verified by experimental tests. 
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1. Introduction 

 

Hydraulic-oil pumps are very widely used for building 

machinery, the brake systems of vehicles and automatic 

control systems in industrial applications due to their high 

dynamic force and smooth linear force control 

performance. Recently there has been a lot of interest in 

variable speed drive systems for hydraulic pumps due to 

their smooth and fast dynamic power supply to the load
[1]

. 

Induction motors for hydraulic pumps are very simple and 

have a good cost benefit. But the operating efficiency and 

control dynamics are not sufficient.  

SRMs (Switched Reluctance Motors) are a simple, 

low-cost and robust structure suitable for variable speed 

and traction applications
[2]-[4]

. SR drives are investigated 

for a wide range of industrial applications due to their 

mechanical strength and cost advantages
[5]-[9]

. When 

compared with squirrel cage induction motors, SRMs have 

high efficiency with a high starting torque and excellent 

high speed characteristics. In addition, SRMs are excited 

by a pulse wave voltage source rather than a sinusoidal 

one which is for induction motors. Therefore, the 

excitation of SRMs is easier with lower switching 

frequencies. Also power loss can be reduced in the 

converter system in the high speed range. For these 

reasons, SRMs are considered for practical industrial 

applications
[7]-[9]

. 

This paper presents a hydraulic oil-pump system using a 

SR drive with a data based PID controller for oil-pressure 
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Fig. 10.  Current reference look-up table for hydraulic oil-pump 

system. 

 

where, 
*( , )adv m rmf I ω  and ( , )off m rmf i ω  are nonlinear 

functions from the pre-measured data.  

Fig. 9 shows the proposed current controller and the 

hydraulic oil-pump system test block for making the data 

base and look-up table. 

The main controller is designed with the hysteresis 

method, and the advance and turn-off angles are 

determined by the nonlinear function as stated. The 

current reference is changed from 1 to 30[A] and the 

motor speed is changed by the flow-rate valve. In the 

practical test, the oil-pressure according to motor speed 

and phase current is measured. From this data base, 

( )* * ,dat ref rmI P ω  a function can be decided as shown in 

Fig. 10. 

 

4. Experimental Results 
 

In order to verify the proposed control scheme, a 

hydraulic oil-pump using an SR drive is tested in a 

cylinder actuator load. The main controller is a 

TMS320F2811-120Mhz from TI (Texas Instrument) and 

the asymmetric converter which is a 50[A], 600[V] 

discrete IGBT. The phase currents are measured by a 

30[A] grade current sensor, and an embedded AD 

converter of TMS320F2811. The rotor position is detected 

by an optical encoder and an embedded QEP module of 

DSP. The pressure of the hydraulic oil pump is fed to the 

AD converter, and used as a pressure controller. Two 

temperature sensors are used for heat protection of 

 
 

(a) SR drive             (b) Load configuration 
 

Fig. 11.  Designed SR drive and experimental configuration. 

 

the motor and drive.  

Fig. 11 shows the designed SR drive and the 

experimental configuration. The SRM is directly 

connected to the hydraulic oil pump. The pumped oil 

flows to the actuator valve. If the valve turns on, the oil 

pushes out the cylinder shown as Fig. 11(b). If the valve 

turns off, the oil returns to the oil tank. 

 

 
 

(a) Conventional PID controller 

 

 
 

(b) Proposed controller 
 

Fig. 12.  Compared experimental results at the starting(2Mpa). 
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In order to verify the proposed control scheme, 

experiments are implemented and their results compared. 

Fig. 12 and Fig. 13 show the compared experimental 

results of a conventional PID and the proposed control 

scheme. 

As shown in Fig. 12, the actual pressure of the pump 

has some ripple, and the response is not good at the 

starting 2Mpa pressure. But the actual pressure is well 

controlled in the proposed control scheme. In Fig. 12(b), 

the first over shoot of pressure is from the flow valve, and 

this over shoot is a natural characteristic of hydraulic 

pump systems at starting. Similarly, when the pressure 

responds to load variation, the proposed control scheme 

shows better results as shown in Fig. 13. 

Fig. 14 shows the experimental result of the proposed 

control scheme when the cylinder load is changing. As 

 

 
 

(a) Conventional PID controller 
 

   
 

(b) Proposed controller 
 

Fig. 13.  Experimental results with the load variation(3Mpa). 

  
 

(a) 2Mpa case 
 

  
 

(b) 4Mpa case 
 

Fig. 14.  Experimental result when load change. 

 

shown in Fig. 14, the actual oil-pressure follows the 

reference value. The motor speed is changed to maintain 

oil-pressure, and the current reference is changed 

according to the data base and the PID controller. 

Fig. 15 shows the experimental result when the 

reference changes. If the reference oil pressure is changed 

from 4 → 5 → 4Mpa and from 6 to 5Mpa and the motor 

speed is changed from 450 to 3200 rpm the actual oil 

pressure can keep the reference value. 

Fig. 16 shows the experimental results when the load is 

changed at 5Mpa. The motor speed is determined by the 

flow rate valve and the oil-pressure. If the speed is limited, 

the actual oil-pressure is regulated marginally. The actual 

oil-pressure cannot keep the reference value as shown in 

Fig. 16(a). But, if the flow rate valve is adjusted, the motor 

speed can be changed at the same pressure. In this case the 

proposed controller can keep the reference pressure shown 

in Fig. 16(b). 
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(a) Reference is changed from 4 to 5Mpa 

 

 
 

(b) Reference is changed from 6 to 5Mpa 
 

Fig. 15.  Experimental result with reference changing. 

 

5. Conclusions 

 

This paper presents the practical pressure control of a 

hydraulic oil-pump system using a SR drive for industrial 

applications. For a 6Mpa grade hydraulic oil-pump, a 

2.6kW SR(Switched Reluctance) drive is developed and 

fabricated.  

For the 100ms class of fast dynamic response hydraulic 

oil-pumps, a practical data based PID controller and 

current controller considering the nonlinear characteristics 

of SRMs is proposed. A look-up table from a 

pre-measured data base can produce an approximate 

current reference based on motor speed and oil-pressure. 

Also a PID controller can compensate for the pressure 

error. With the combination of the two references, the   

  
 

 

(a) Speed limited 
 

 
 

(b) Speed is not limited 
 

Fig. 16.  Experimental results with load changing(5Mpa). 

 

proposed control scheme can achieve fast dynamics and 

stable operation. 

Nonlinear functions for the advance and turn-off angle 

determinations are used to get a proper current waveform. 

In the current controller, the DC-link voltage effect is 

considered using a weighting factor, so a proper advance 

and turn-off angle can be obtained according to motor 

speed, load condition and dc-link voltage. 

From the practical experiment using a cylinder load, the 

proposed control scheme is verified. 
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