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ABSTRACT 
Container cranes (CC) become the highest electric energy consumption equipment in container terminal. 

Therefore it is important to study and analyze the hoist motor as the largest motor on container crane operation to 

look for opportunities in  use energy efficiently. Lifting and lowering the container as the fixed operation of CC. 

Lifting the container as forward operating of hoist motor and lowering the container as reverse operating of hoist 

motor. The type of DC motor have used to modelling. Simulink (one of Matlab toolboxes) was used to model the 

forward and reverse of DC hoist motor. When lifting the container (forward motoring), the current required 

depends on the applied load torque. But when lowering the containers (reverse motoring), the voltage generated 

by the engine polarity reverse is determined by the downward movement of containers (mass and height). 

Reverse the polarity, and let the motor functions as a generator, produces a current and then the potential energy 

was calculated. Conclusions were drawn at the end of the paper. 
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I. INTRODUCTION 
One of the real activity contribute to air pollution 

in container terminal is the use of diesel engines for 

loading and unloading equipment such as cranes. 

Container cranes (CC) are used to move containers 

from ship to shore or otherwise. Container crane uses 

several large electric motors as the driving force to 

lift and move the containers weighing dozens of tons. 

It causes container cranes become the highest electric 

energy consumption equipment in container terminal 

[1,2].Therefore it is important to study and analyze 

the hoist motor as the largest motor on CC operation 

to look for opportunities in use energy efficiently. 

Container cranes can move containers in three 

degrees of freedom by using hoist, trolley, and gantry 

motors. The hoist motor is used to raise and lower the 

container, trolley motors move the container from 

one side of the crane to the other, and gantry motors 

are used to reposition the entire crane [3].The electric 

motor will drive the spreader back and forth as well 

as up and down to move the container. Spreader 

serves to lift containers from and to the ship. This is 

called the spreader due to its size can adjust the 

length of the container to be lifted or lowered [3]. 

Fig.1 representated the container crane movement 

 

 

 

 

 

 

 

 
Fig.1. Container Crane Mechanism [4] 

 

This paper focuses on conducted with the hoist 

motor.  

 

II. DC MOTOR OPERATION 
Some of container terminal use DC type for CC 

hoist motor as local at Makassar container terminal. 

DC motor’s working principle is simpler than that of 

the AC motors, they are also easier to control and 

require simple electronics to operate. But, they have a 

lower efficiency, require maintenance of the brushes 

and the commutator, and heavier also larger than AC 

motors. Fig. 2 shows the brush DC motor model. 
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Fig. 2. Brush DC motor model [5] 

 

Torque in electric motors is produced due to the 

interaction among electromagnetic fields. The torque 

and the electromagnetic field are related according to 

the Lorentz force. DC motors powered with direct 

current, and to get the rotation of the magnetic field, 

they need something that changes the current 

direction through the coils. This is achieved the use 

of the commutator, which is rotating together with 

the rotor, and is divided in two sections (two-pole 

motor). Each part is permanently in contact with the 

brushes that drive the current to the rotor, and due to 

the change of position in the commutator, the current 

runs through the armature windings in different 

directions each time, producing a rotating magnetic 

field [6]. 

The equivalent circuit of the separately excited 

DC motor is shown in Fig. 3 [7,8]. Ia and If are the 

armature and field currents, Ra and La are the 

armature resistance and inductance, Rf and Lf are the 

field resistance and inductance, U and Uf are 

armature and field voltages, n and ω are the speed in 

r/min and rad/s, respectively, E is the back EMF 

(electromotive force) and Te is the electromagnetic 

torque. 

 
Fig. 3.Equivalent circuit of the separately excited DC 

motor. 

 

The key set of equations for the separately 

excited DC motor is listed below [9]: 

  (1) 

    (2) 

    (3) 

Where ϕ is the air-gap flux, Ke and Ka are determined 

by the DC motor structure and Laf is the field-

armature mutual inductance. The speed equation is: 

.   (4) 

 

And the power is 

  (5) 

P is mechanical power, V*Ia is electric power and 

Ia
2
Ra is losses on motor construction. 

The operation scheme of a DC machine, ie, 

torque and voltage as shown in Fig.4. 

 

 

 
Fig.4. Torque Scheme of separately excited DC 

motor. 

 

An armature voltage controlled DC machine is 

therefore inherently capable of what is known as 

‘four-quadrant’ operation, with reference to the 

numbered quadrants of the torque–speed plane shown 

in Fig. 5 [7]. 

 
Fig.5. Operation of DC motor in the four quadrants 

 

DC machine speed is determined by applied 

voltage and torque is determined by current. For the 

operation of the four quadrants, each quadrant are 

given each naming the quadrant 1 is called the 

condition A, quadrant 2 is called the condition B, 

quadrant 3 is called the condition C and the fourth 

quadrant is called the condition D, which is where all 
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of the conditions have the same magnitude of speed 

and the same magnitude of torque.  

In quadrant 1, the applied voltage VA at point A 

will flow toward the electric machine which has e.m.f 

E consequently machine moves forward as a motor 

with torque and speed are same direction, this 

happens because the VA > E. When taking into 

account the resistance of conductor R so VA = E + IR. 

In quadrant 2, the applied voltage at point B for VA 

decrease to a very small that is VA = E - IR causing 

reverse torque to the speed turned to E - VB = VA - E 

where VA is the voltage at A condition and VB is the 

voltage at B condition. When these conditions change 

the electrical machinery before as the motor is now 

the generator with the voltage generated with VA - E. 

This value will be negative, or in other words, the 

output voltage polarity of generator is opposite from 

the motor. 

It should be obvious that similar arguments to those 

set out above apply when the motor is running in 

reverse (i.e. V is negative). Motoring then takes place 

in quadrant 3 (point C), with brief excursions into 

quadrant 4 (point D, accompanied by regenerative 

braking), whenever the voltage is reduced in order to 

lower the speed. 

 

III. CONTAINER CRANE DC HOIST 

MOTOR 
The hoist motor as container cranes drive using 

large energy at the container terminal. Hoist motor  

of container crane serves to move the spreader in the 

direction up or down. Worked continuously during 

loading and unloading operations. The CC hoist 

motor is the largest motor, mounted on machinery  

house. Movement of the lift and lower box container 

is fixed operation of CC hoist motor. Diagram for 

forward and reverse motoring of hoist motor as 

shown in Fig. 6. 

 
Fig.6. DC hoist motor diagram 

 

When a container is lifted by container crane, the 

diesel engine provides the energy demanded by the 

hoist motor. When the container is lowered, the 

container’s potential energy is converted by the hoist 

motor into electrical form.  

Fig. 7 shows the position of the container being lifted 

or lowered by the spreader. 

 
Fig.7. Lifted or lowered position of container 

 

The required energy to lift the container in 

accordance with the load (mass of container) and the 

distance (height) movement of container to be lifted. 

Motor will move / rotate to lift the container (forward 

motoring, stage 1). It is shown on the following 

scheme (Fig.8) 

 
 

 
Fig.8. Forward motoring of CC hoist motor scheme 

 

And then for lowering the container the hoist 

motors will take a reverse direction of the previous 

lifting container. Thus there is the potential energy 

accordance to the mass of container to be lowered 

and the distance (height) down movement of the 

container. Fig.9 for representated the lowering mode 
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Fig.9. Reverse motoring and heading to reverse 

braking 

 

Potential energy that occurs when lowering the 

container will result the reverse rotation direction of 

motor (reverse motoring, stage 2) which would 

exceed the capacity of engine rotation speed, so it 

should be braking (reverse braking, stage 3). Braking 

is one needs to slow down the movement of the 

object and delete inertia. With the use of either the 

alternator in the motor, we can reverse the polarity, 

and let the motor functions as a generator, produces a 

current. In ideal condition to the exclusion of some 

losses factors, The potential energy which can be 

obtained in this operation is determined by the 

equation  [10]. 

   (6) 

     (7) 

The electric motor as container cranes drive 

using large energy at the container terminal. In its 

operations definitely also require braking. Especially 

when lowering the container by the hoist motors. As 

stated by [11] that the electric motor has two 

mechanical operations, moving and braking. During 

braking, the initial energy stored in the rotor is either 

dissipated in an external resistance, storage device or 

fed back to the supply or both [12]. 

Existing Condition, as local Makassar container 

terminal’s CC hoist motor : 

1. The system uses a diesel engine as the prime 

mover for the rotation of the AC generator as a 

electrical power supply to the CC hoist motors. 

2. CC uses a DC motor for moving the hoist. The 

braking system in form of electrical and 

mechanical when lowering the container. 

Electrical by connecting the electrical output 

through a DC motor armature current of the motor 

turns into a generator to the resistor bank (the 

current in armature coil of DC motor will form on 

the coil e.m.f fields that will slow down motor 

rotation that has been turned into a generator). 

Mechanical Braking is to lock the disc break. 

 

Data: 

1. AC Generator 450 kW, 500 V, 50 Hz 

2. DC Motor  

a. DC Motor 250 HP, 2 pole, 1750 rpm 

b. Field Voltage (Vf) = 300 V DC  

c. Field Current (If) = 16.9 Amper 

d. Armature Voltage (Va) = 500 V DC 

e. Armature Current (Ia) = 604 Amper 

f. Torque = 993 Nm (sample). 

g. Armature Resistansi  = 83 mohm 

h. Armature Inductance = 1.64 mH 

i. Inertia moment = 7 kg.m
2
 

3. Container (sample), mass (m) = 18 ton 

4. Height , h (lifting from base = 19.56 meter) 

5. Gravity 9.81 m/dt
2
 

In this study, a popular simulation tool, Simulink 

(one of the MATLAB toolboxes). The very 

beginning step for using the Simulink is to model the 

system by either using mathematical expression or 

circuit representation. In this case, circuit 

representation ways were used complimentary to 

assist the design of the model. 

 

IV. RESULTS 
4.1. Lifting the container mode (Forward Motoring)  

Fig. 10. representated the armature current in 

lifting the container mode (forward motoring) as a 

time function. 

 
Fig.10. Armature current in forward motoring 

 

For this forward and reverse motoring, load torque 

(T) = 993 Nm was imposed.  

From the simulation results shown in the fig.10 : 

In forward motoring, current starting at t = 0 sec is 

increased significantly and had reached the maximum 

as starting current (I = 700 A) at t = 0.2 sec.  After 

that, decrease until I = 500 A at t = 0.8 sec. Then, 

decrease in small currents occur until at t = 1.0 sec. 

And so the armature current hast ends to be constant 

(I = 487A) at t = 1.0 sec. This current has tended to 

accordance the load torque given. 
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4.2. Lowering the container  mode (Reverse 

Motoring)  

Fig. 11 representated the armature voltage in 

lowering the container mode (reverse motoring) 

as a time function. 

 
Fig.11. Armature voltage in reverse motoring 

 

When lowering the container, the load torque 

minus (-993 Nm) is given. From the simulation as in 

Figure 11, reverse polarity occurs when the motor 

turns into a generator due to the direction of rotation 

has changed than before. Output Voltage generated 

by the motor that has been turned into a generator is 

increase as the rotation speed of the rotor. Output 

voltage is discontinuous caused by the effects of the 

commutator in contact with carbon brush. A part of 

commutator has some holes / cracks that form to 

separate the coils between the magnet poles. The 

output voltage of the motor which has been turned 

into a generator through the process : current flowing 

coil or stator field will cause magnet pole with north 

and south, the two poles crossed by slit coil so that 

the effects will cause the electric field at each of the 

ends coil. 

In the reverse direction simulated (generator 

mode) the voltage has been get in the V = 450.4 volts 

at very short t = 0.035 sec. This is caused by the 

speed of the motor that turns into a generator will 

continue to follow the increase in free fall speed 

stationary objects (container).  If allowed to continue 

it will reach the armature voltage exceeds the voltage 

armature construction machinery and also causing 

motor shaft rotation exceeds the nominal speed. So 

this must be done braking. For simulated samples, the 

braking should be done in prior to t = 0.035 sec 

because at this time the voltage V = 450 volts is 

approach in machine armature voltage. 

Reverse the polarity, and let the motor functions as a 

generator, produces current. In this case, the potential 

energy which can be obtained in this operation is 

determined by the equation (8): 

 

   

 

 
 

 
 

When braking period at lowering process, a torque 

opposite to the direction of rotation will be imposed 

on the shaft, thereby helping the machine to stop 

quickly. During braking, the energy stored in the 

rotor is either dissipated in an external resistance, 

storage device or fed back to the supply or both. 

 

V. CONCLUSIONS 
One of its technical issues in the CC operation is 

the movement as the CC lifting and lowering the 

container. DC hoist motor on CC operation has been 

successfully modelled using Simulink and forward 

reverse motoring was investigated.  

In lifting the container mode (forward motoring), 

after starting condition, this current has tended to 

stable accordance to the load torque given. 

In lowering the container mode the reverse 

polarity than forward motoring before. The generated 

voltage is in accordance to the rotation of the rotor 

shaft due to down ward of container.  The motor 

functions as a generator, produces a current and the 

potential energy was determined. 
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