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Abstract 

               A new control technique is proposed in this thesis to improve the motion 

synchronization of the two hydraulic servo cylinders frequently used to oscillate heavy 

molds of continuous casting machines. Theoretical and experimental simulations are 

carried out for a system similar to the system frequently used in industry for mold 

oscillation, in the absence and presence of the proposed control technique, when 

disturbances exist. The disturbances dealt with are those currently met in practice; 

namely an increase of cylinder internal leakage, a servo valve disturbed input signal, 

delay in response or a combination of these disturbances. During simulations the load 

acting on each cylinder of the system, called the operating cylinder, is simulated by a 

load applied by another servo controlled loading cylinder. A previously developed and 

experimentally verified mathematical model is presented for the system, when each 

operating cylinder is driven independently in an accurate closed loop control system 

similar to that used in industry. The proposed controller is a self-tuning controller for a 

master cylinder combined with reducing the phase shift between the two operating 

cylinders and correcting their mean value of oscillations for reducing the synchronization 

errors to be less than the practically acceptable values of 1 mm. The controller yielded 

good performance, especially at the higher values of disturbances. The obtained results 

are compared with the results obtained when a previously proposed cross coupling 

control technique with the fuzzy logic controller (FLC) is used. The comparison 

confirmed the advantages of using the proposed controller on motion synchronization. 



 

1 
 

Chapter 1 : Introduction 

              Synchronization of motion of two or more hydraulic actuators is required in 

many machines and processes. Lagging of one actuator motion with respect to the 

others would have a detrimental effect on production quality and would cause 

production interruption. This problem is faced in continuous casting machines used in 

steel plants. The process of continuous casting of molten steel is carried out by pouring 

the molten steel into a tundish, which is located above a mold and feeds it with the 

molten metal, as shown in figure 1.1. The tundish supplies an oscillating mold with 

molten steel to compensate for the steel that continuously moves out of the mold during 

the manufacturing process, so as to keep the mold filled to the correct level. The supply 

of molten steel to the mold must be carried out accurately, and the tundish control 

system supports doing this task. The steel casting partially solidifies from the mold wall 

then solidification progresses internally.  

The mold in the continuous casting process is water cooled, this helps speed up the 

solidification of the metal casting to form a protective solidified skin of a sufficient 

thickness on the outside. The long steel strand uses rollers to move the cast at a constant 

rate. The rollers guide the strand and assist in the smooth flow of the metal casting out 

of the mold and along its given path.  

Molds used for continuous casting are to be oscillated using oscillating mechanisms. 

Mold oscillation is necessary to minimize friction and sticking of the solidifying shell, 

and to prevent shell tearing and liquid steel breakouts, which can cause machine 

disorder and machine stoppage for cleaning up and repairs. Mold oscillation is achieved 

either hydraulically or by using motor driven cams. Friction between the shell and the 

mold is reduced through the use of mold lubricants such as powdered flux. The powder 

feeder is designed for the automatic distribution of casting powder into the mold to 

ensure constant uniform mold powder distribution during the process [1].  


