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Abstract. The decline in the quality of electric power becomes a serious problem in the industrial sector 
and affects a significant cost loss. One of the dominant power quality problems is the voltage dip. The use 
of electric motors in an industry becomes one of the main causes. This paper discusses the investigation on 
voltage dip problems at a cement factory at Kupang,, Indonesia.  The cement factory uses an induction 
motor as the prime mover and is proven to trigger a voltage dip because of its high starting current. Based 
on the observed data of the disturbance, a single line diagram was created. The single line diagram was 
analyzed using an equivalent circuit. It was found out that as the induction motor was started, it created a 
very significant voltage drop as of 20.43 % to 62.26 %. The voltage dip correlated to the capacity of the 
induction motor used. The larger the capacity of the induction motor, the larger the voltage dip occured.  
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1 Introduction  
The availability of qualified electrical energy is one of the important factors for the sustainability of the operation of an 
industrial estate. The quality of electrical energy is determined by two main factors: The availability of continuous 
energy or minimal power outages and electrical energy characteristic. The characteristics of the electrical energy 
volumes are guaranteed in accordance with the minimum requirements for the equipments to work securely and 
efficiently. The existence of continual electrical power distribution in and industrial area is of utmost important. The 
poor quality of the electric power, can stop the production process, especially in industries using sensitive loads such as 
control equipments. If this problem is not handled properly, a significant financial loss will be resulted.   

The problems faced by a power system in the supply of electrical energy need to be investigated thoroughly and 
continuously. Then the main cause of the disturbance that occurs, will be obtained. One of the most common 
disruptions to power systems is the blurring of the voltage. This disturbance is a transient disturbance in the electric 
power system, ie a momentary voltage drop in the power system network. Cement Industry is one of the industries 
requiring considerable electric power from the power system network. In the production process of the cement industry, 
electric motors both large and small are used greatly. 

The use of electric motors is causing the problem of decreasing quality of voltage in the electrical system of 
factories. The problem often arises is the voltage dip. Based on the observed disturbance data on a regular basis, the 
cause and effect of the voltage dip was identified. These data were used as parameters in the designated equivalent 
circuit. Then the data was analyzed to give recommendations as a corrective action. Voltage sags is one of the major 
problems in the industry and has provided significant financial losses [1, 2]. 
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2 Voltage dip problems  

The definition of a voltage dip according to IEC (International Electrotechnical Commission) is a brief interruption of a 
sudden termination of voltage at all phases at a certain point in the power supply system below the threshold 
disturbance (usually 10 % of nominal voltage) followed by restoration after a short time interval. In other words, a 
sudden voltage reduction at some point in the power supply system is below the dip limit (typically 90 % of nominal 
voltage) followed by recovery after a short interval. The above definition is shown in Figure 1 [1]. Voltage is a 
phenomenon of decreasing the voltage amplitudes (ΔV) to its nominal price over the time interval t. This phenomenon 
is usually caused by a sudden disturbance or change in load [3, 4]. 

 
Fig. 1. The basic concept of a voltage dip [1]. 

When an induction motor is started directly at full voltage then the induction motor will draw a start current of 5 to 7 
times the full load current. A high start current is required for the induction motor to obtain sufficient torque to start 
rotating. The presence of a large start current which is suddenly withdrawn from the power system can cause a voltage 
dip. The voltage dip induced by the induction motor start current depends on the motor capacity, the motor power 
factor, the system impedance and the starting method [4, 5, 7]. 

Table 1. Sensitivity of equipment to voltage dip [4]. 

Type of Equipment 
Remaining 

Voltage 
(%) 

Time 
Duration 

Max 
(ms) 

Motor starter 50 40 
Variable speed motor with electronics 85 10 

Programable Logic Control 50 to 90 8 to 20 
Frequency Inverter 82 1.5 

Variable speed drive rectifier 50 to 80 2 to 3 
Process controller 70 < 8 

Direct current drive controller 88 < 8 
Personal Computer 50 to 70 60 to 160 

3 Results and discussion  

Observations were conducted and the data were recorded periodically to the operation of three large induction motors. 
The characteristics of the three motors are  as follows: The first condition is one piece of motor with the power of 1 000 
kW (120 A). This motor is used as the Cement Mill Motor. The second condition is two pieces of motors with the 
power 460 kW (55 A). This motor is used as the Raw Mill Motor and Ventilator Motor. The motors in the Cement 
Factory operate non-stop during the production process. The configuration of the distribution chain and the extent of 
each piece of the equipment are shown in Figure 1. Based on the data in Figure 1, a series of substitute drawings were 
made for further analysis [8‒10]. 
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PLN

M2M1 M3

P = 5 MVA
V = 20 kV
X” = 10 %

Kabel
XLPE 150 m x 3 x 95 mm2

Trafo
Step Down

P = 2.5 MVA
V = 20/6 kV
X” = 5.9 %

Kabel
XLPE 50 m x 3 x 95 mm2

P = 460 kW
V = 6 kV
pf = 0.85
X” = 17 %

P = 460 kW
V = 6 kV
pf = 0.85
X” = 17 %

P = 1000 kW
V = 6 kV
pf = 0.85
X” = 17 %  

Fig. 2. Schematic of distribution circuit impedance. 

 

PLN M2M1 M31.0 pu

1.0 pu 1.0 pu 1.0 pu

j 0.7228 pu

j 0.1 pu

j 1.5712 pu j 1.5712 pu

j 0.0002081 pu j 0.118 pu

j 0.0004631 pu j 0.001715 pu

j 0.00006597 pu

 
Fig. 3. Equivalent circuits of distribution networks. 

 

PLN 1.0 pu

j 0.1 pu j 0.7228 pu

j 0.0002081 pu j 0.118 pu

j 0.0004631 pu j 0.001715 pu

j 0.00006597 pu

 
Fig. 4. The equivalent circuit at M1 start with the condition of M2 and M3 has not been activated. 

Based on the sequence mentioned above, the voltage dip, occuring when the motor starts, can be calculated by the 
following Equation (1): 
 
 V = [Xpln + Z1 + Xtrafo +Z2] × [6 × I pu1]                                                                                           (1)   
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 V = [0.1 + (0.0002081+ j 0.0004631) + 0.118 + (0.001715 + j 0.00006597)] × [6 × 0.24317] 
 V = [0.219923 + j 0.00052907] × 1.45902 
 V = 0.32087 + j 0.0007720 = 0.32087 0.1 ے° 
  

% 32.8% 100 
0.1

32087.0
V  

 
The possibility of the operation of the three motors is presented in Table 2. Based on the data on the equivalent circuits, 
calculations and analysis were performed as described above. The calculation results are presented in Table 3. 
 
                      Table 2. Possible operating conditions of motor and equivalent circuit. 
 

No. Conditions Equivalent Circuit 
1. If M2 starts with 

active M1 and M3 
is not activated 

PLN 1.0 pu

j 0.7228 pu

j 0.1 pu

j 1.5712 pu

j 0.0002081 pu j 0.118 pu

j 0.0004631 pu j 0.001715 pu

j 0.00006597 pu

 
2. If M3 starts with 

the condition of 
M1 and M2 is 
active 

PLN 1.0 pu

j 0.7228 pu

j 0.1 pu

j 1.5712 pu j 1.5712 pu

j 0.0002081 pu j 0.118 pu

j 0.0004631 pu j 0.001715 pu

j 0.00006597 pu

 
3. If M1, M2 and M3 

are mutually active 

PLN 1.0 pu

j 0.7228 pu

j 0.1 pu

j 1.5712 pu j 1.5712 pu

j 0.0002081 pu j 0.118 pu

j 0.0004631 pu j 0.001715 pu

j 0.00006597 pu

 
 
                                          Table 3. Voltage dip that occurs when the motor starts 
 

Condition 
Dip 

Voltage  
(%) 

Duration  
(s) 

Standar IEEE 1159-1995 
Range 

Voltage + 
(%) 

Duration  
(second) 

M1 starts, M2 and M3  (off ) 32.08 

0.6 10 to 90 0.01 s to 1 min  M2 starts, M1(on) , M3 (off)  20.43 
M3 starts, M1 and  M2 (on) 23.00 

M1, M2 and M3 start together  62.26 
 

Based on the data in Table 3, the dip voltage occurred when the motor was starting on all conditions with the 
magnitude ranges from 20.43 % to 62.26 %. The greater the capacity of the motor, the dip voltage that occurred on the 
channel was also greater. M1 with the starting condition (32.08 %) or all three starting motors together (62.26 %) was 
not ideal because it could cause other problems in power system network, such as the inability of sensitive electrical 
load, disruption of function of equipment motor control and others. The voltage dip values that occured in all conditions 
are seen to exceed the standard limits based on IEEE (Institute of Electrical and Electronics Engineers) Std.1159-1995. 
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4 Conclusion  

The magnitude of a dip voltage at the motor starting in any condition was ranging from 20.43 % to 62.26 %. This 
condition proved to have exceeded the permitted standard that exceeds 10 %. It is a condition that can cause problems 
in the electrical system. The proposed solution is to use an inverter as a great starting motor method considering the 
possibility of current and voltage harmonics due to the use of inverter. 
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