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Abstract. The purposes of this research are to formulate the mathematical model of the 

system, to propose an effective control scheme and to perform experiments on a laboratory 

scale. The system used in this paper consists of a trolley, a pendulum as load and a dc motor to 

drive the trolley. Mathematical model of trolley position and load angle were formulated 

considering voltage of the motor and damping constant of the air calculated specifically using 

energy balance. Two proportional (P) controllers were designed in parallel in such a way to 

drive the trolley and to reduce oscillation of the load. The system and the proposed control 

scheme were confirmed through experiments. The experimental results revealed that the 

motion and oscillation of the system can be controlled effectively. 

1.  Introduction 

The use of gantry crane systems for transporting payload is very common in engineering 

constructions, industrial applications and trading. For instance, a gantry crane is used for lifting 

containers from a ship onto a truck. The crane should move the load as fast as possible without having 

any excessive payload motion at the final position. However, moving the load using the crane is not an 

easy task. Most of the common gantry cranes result in a swing motion when payload is suddenly 

stopped after a fast motion [1]. So, the gantry crane needs a skillful operator to manually control it and 

to immediately stop the swing at the right position. Furthermore to unload, the operator has to wait 

until the load stops swinging [2]. It is often time consuming process which eventually affects the 

productivity in transporting payload. These problems can be solved using a controlled gantry crane 

system. Its controller system should deal with not only its motion but also oscillation of the payload. 

The purposes of this research are to formulate the mathematical model of the system, to propose an 

effective control scheme and to perform experiments on a laboratory scale. The system used in this 

paper consists of a trolley, a load and a dc motor to drive the trolley. Mathematical model of trolley 

position and load angle were formulated considering voltage of the motor and damping constant of the 

air calculated specifically using energy balance. Two proportional (P) controllers were designed in 

parallel in such a way to drive the trolley and to reduce oscillation of the load. 
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2.  Modeling 

2.1.  Mathematical Model 

Figure 1 shows the dc motor used in this study. Electrical part of the motor consists of resistor, R and 

conductor, L. Voltage of V is the source of power. Inverse voltage of the motor and its constant are 

denoted by e and K respectively. Torque constant of the motor is denoted by Kt. Mechanical part of the 

motor has mass moment of inertia, J , viscous damping constant, b and motor torque T. Radius of gear, 

angular position and velocity of the motor are denoted by r,  and  . Transfer function of voltage of 

the motor to position of the trolley X and is expressed by [3]  
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Figure 1. DC Motor  

 
Figure 2. Design of the gantry crane system 

 

 
Figure 3. Free body diagram of the load 
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Figure 2 and figure 3 show the gantry crane system and free body diagram of the load. Based the 

figures, transfer function of position of the trolley to angle of the load α and is expressed by [3]   
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where Df is damping constant of the air calculated specifically using energy balance. 

2.2.  Experimental Model 

Figure 4 shows the experimental model of the gantry crane system. The gantry crane consists of the 

frame, the trolley, the load, the dc motor and the base.  The motor is fixed in one side of the frame. 

The trolley is connected to the motor through a belt transmission system. An encoder is attached in the 

other side of the motor. IMU (inertia measurement unit) sensor is attached to the load. The frame is 

mounted to the base.  

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 4. Experimental model of the gantry crane system  

3.  Control Scheme 

A control scheme to drive the trolley and to reduce oscillation of the load was designed for the dc 

motor. Two P-controllers were designed in parallel for the system. The controlled torque of the motor 

are defined as follows  

( ) ( ) −+−=
dpkx

d
xpk 21                                                      (3) 

where kp1 and kp2 are proportional gains for position and angle of the load, respectively. Desired and 

actual positions of the trolley are denoted by xd and x, respectively.  

 

 
 

Figure 5. Block diagram of the proposed control scheme for the gantry crane system  
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Desired and actual angles of the load are denoted by θd and θ, respectively. θd is set to zero. The block 

diagram of the controlled system is shown in figure 5. 

4.  Experiment 

4.1.  Experimental Set-up 

In order to investigate the validity of the proposed control scheme, an experimental set-up was 

designed. The set-up is shown in figure 6.  

 

 
 

Figure 6. Schematics of measurement and control systems 

 

The gantry crane system consists of the frame, the trolley, the load, the dc motor, the encoder, the 

IMU sensor and the base. The encoder and the IMU sensor provide information of trolley position and 

angle of the load. The both information were processed by a microcontroller using two P-controllers. 

The actuating signal sent to a motor driver to drive the motor and control oscillation of the load in the 

motor voltage range. 

4.2.  Experimental Method 

Position of the trolley was set to 20 [cm]. Actuation signal were obtained from the first P-controller 

based on error of the trolley position and by the second one based on angle of the load. The 

proportional control scheme was implemented using arduino nano. 

4.3.   Experimental Results 

Experimental time history responses of the trolley position and angle of the load on the controlled 

system were measured under the control scheme as shown in figure 7 and figure 8. Examining several 

gains of the P-controllers leaded to kp1 = 3 and kp2 = 4 as the better ones for the system. Figure 7 shows 

the uncontrolled and controlled time history responses of trolley position. The trolley position of 20 

[cm] was achieved for 33 [s] and 20 [s] for uncontrolled and controlled system. Figure 8 shows the 

uncontrolled and controlled time history responses of angle of the load. Maximum angle of the load was 
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11 [degrees] for the uncontrolled system and could be reduced after 50 [s]. Maximum angle of the load 

was 4 [degrees] for the controlled one and could be reduced after 25 [s].  

 

 
 

Figure 7. Time history responses of the trolley position  
 

 

 
 

Figure 8. Time history responses of the load angle  
 

5.  Conclusion 

The Mathematical model of the gantry crane system had been formulated considering voltage of the 

motor and damping constant of the air calculated specifically using energy balance. Two proportional 

(P) controllers were designed in parallel in such a way to drive the trolley and to reduce oscillation of 

the load. The proposed control scheme was examined through the experiments. The experimental 

results have been revealed that the position of the trolley and oscillation of the load can be controlled 

effectively. 
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