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Abstract. In the palm oil industry, three-phase induction motors have a very important role in 
the production process. One of the problems that arises is the quality of the loading power on the 
motor which can make the motor performance less than optimal. In this study, an analysis and 
calculation of the power of a three-phase induction motor were carried out with the condition of 
opening the control valve in stages from 0% to 100%. The motor to be discussed is a three-phase 
induction motor that works as a pump driver for transferring crude glycerine water to the tank 
farm at the fatty acid 2 plant at PT. Unilever Oleochemical Indonesia. By using the observation 
method in researching to obtain measurement data, the variables taken are changes in current, 
power factor, and input power. From the results of this study, the output power value and power 
efficiency on the motor were obtained when the valve was opened at 0%-100%, at the highest 
valve opening of 100%, the motor output power was 4.39 KW with a power efficiency on the 
motor of 95%, at the lowest valve opening, the motor output power was 3.22 KW with an 
efficiency value obtained 95%. 
 
Keywords: Three-phase induction motor, current, efficiency, valve, opening 

 

1. Introduction 

 In this modern industrial era, especially in the palm oil industry in Indonesia, there 

have been many advances and technological developments, one of which is electric motors 

as a source of driving power that is very much needed, starting from engine drives, pumps, 

conveyors, etc. So many innovations have emerged to control electric motors to meet the 

increasing demand and needs. PT. Unilever Oleochemical Indonesia is a company engaged 

in the processing of palm oil, especially oleochemicals with raw materials CPKO (Crude 

Palm Kernel Oil) or CPO (Crude Palm Oil), and produces products such as Glycerine and 

Fatty Acid. 

 In the palm oil production process, the existence of electric motors is very much 

needed, starting from pump drives for liquid fluid transfer, to product mixers, conveyors, 

and several other needs.  

One of the innovations in controlling the transfer pump motor uses the help of a 

"Control Valve" to electronically control the opening of the valve and control the loading on 

the transfer pump motor so that there is no overload in filling the tank and facilitating 

gradual filling to reach the desired set point, this innovation is also considered to have quite 
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good work efficiency so that it can reduce the factory's need for the number of human 

workers which has an impact on saving factory production expenses. 

 

2. Methods 

 
Figure 1. Research flow 

 

The object of this research is the crude glycerine water pump motor and control 

valve. The researcher will do several things in this research, here are the details of the things 

that the research will do.  

1. Collecting data related to the pump motor specifications.  

2. Collecting data related to the specifications of the control valve used.  

3. Carrying out the opening command for each percentage of the control valve via the 

DCS monitor.  

4. Taking measurements with an ampere clamp in the control room of the crude 

glycerine water pump motor 23P02 for each percentage of the control valve opening 

with a valve opening range of 0% - 100%.  

5. Recording data related to the motor load that is read on the ampere clamp for each 

control valve opening.  
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6. Conducting analysis, calculations and discussions related to the data that has been 

taken and drawing conclusions from the research that has been carried out. 

 

2.1. Three Phase Induction Motor 

 Three-phase induction motor is an electrical device that converts electrical energy 

into mechanical energy, where the electricity converted is three-phase electricity. Induction 

motors are often also called asynchronous motors. Induction motors generally convert 

electrical energy into mechanical energy in the rotating part of the motor. 

 In induction motors, the rotor does not obtain electrical energy through conduction, 

but obtains electrical energy through induction, as in the secondary winding of a 

transformer, the rotor obtains electrical energy from its primary winding. Therefore, 

induction motors can also be called resolvers.  

 Induction motors are the most widely used AC motors in industry. This is because 

the motor structure is strong, simple and does not require much maintenance. In addition, 

the motor also provides good efficiency and constant rotation for every load change. 

 

2.2. Working Principle of Three Phase Induction Motor 

The operation of a three-phase induction motor can be described as follows:  

1. If a three-phase source is connected to the stator coil of a three-phase induction 

motor, a rotating field will arise between the stator and rotor circles at synchronous 

speed.  

2. This rotating field will cut the rotor conductor rod.  

3. As a result, an EMF will be generated in the rotor coil.  

4. Because the rotor coil is a closed circuit, the EMF (E2) will produce a rotor current 

(I2).  

5. The flow of rotor current (I2) in the magnetic field produces a force (F) on the rotor.  

6. If the initial torque generated by the force (F) on the rotor is strong enough to carry 

the load, the rotor will rotate following the direction of the movement of the stator 

rotating field.  

7. In order for the rotor EMF to remain generated in the rotor, a difference in relative 

rotation between the stator rotating field (NS) and the rotor rotation (Nr) is required.  

8. The difference in rotational speed (NS) and (Nr) is called Slip.  

9. If the rotational speed (NS) is the same as the rotor rotation (Nr), then the rotor EMF 

is not induced and no current flows in the rotor coil, thus no torque is generated.  

10. Torque will arise if the rotor puran is less than the stator field rotation. From the way 

this motor works, the Induction Motor is also called an Asynchronous or A-

Synchronous Motor. 

 

2.3. Calculating Motor Input Power 

 From the results of measuring the voltage and current flowing at the motor input, the 

author can then find the power requirements absorbed by the motor at each valve opening 

as follows:  

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

The flowing voltage is 380V with a power factor (𝐶𝑜𝑠𝜑) of 0.84 
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 Power factor or cos phi is only found in alternating current (AC). When electric 

current is passed from a generator to a network, electrical energy transfer will occur. the 

power factor value will always be below 1. This shows that the amount of active power is 

always smaller than the apparent power. This value also shows how effective the use of 

electricity is. the closer to the number 1, it can be said to be efficient, and vice versa. 

 One of the things that affects the power factor value is reactive power. The definition 

of reactive power is the power released to turn on the inductive load. It can also be 

interpreted as power lost because it is not used for resistive loads. 

 

2.4. Calculating Motor Output Power 

 Because there is a change in current at each valve opening, the motor output power 

will also change, therefore before calculating the motor efficiency from each valve opening, 

it must be known how much output power is on the motor at each valve opening, for that it 

is necessary to know the percentage between the current on the name plate and the 

incoming current, so it needs to be traced in the following way:  
𝐼𝑛𝑝𝑢𝑡𝐶𝑢𝑟𝑟𝑒𝑛𝑡

𝑁𝑜𝑚𝑖𝑛𝑎𝑙𝐶𝑢𝑟𝑟𝑒𝑛𝑡
 x Pout nominal 

 

2.4. Motor Power Percentage 

 Percentage of power to serve the load From the measurement and calculation results 

above, it can be seen the percentage of power usage on the motor to serve the valve opening 

load starting from 0% to 100% opening. Calculate the percentage of power usage used to 

serve each valve opening percentage. 
𝑃𝑖𝑛𝑝𝑢𝑡

𝑃𝑜𝑢𝑡𝑝𝑢𝑡
 x 100% 

2.5. Calculating Power Efficiency 

 By calculating the power efficiency of the motor, the output power is obtained at 

each valve opening. Then, to find out the motor power efficiency obtained at each valve 

opening percentage, it is as follows using the formula 

ղ = 
𝑃𝑜𝑢𝑡𝑝𝑢𝑡

𝑃𝑖𝑛𝑝𝑢𝑡
 x 100% 

Information 

𝜂 =  Efficiency (%)  

𝑃out = Induction motor output power (Watt) 

𝑃in = Induction motor output power (Watt) 

 

2.6. Motor Specification Data 23P02 Crude Glycerine Water 

The crude glycerine water pump also uses a TOR (Thermal Overload Relay) which is 

set at 10.4A according to the instructions on the motor nameplate. 
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Figure 2. Name plate motor 23P02 

 

 
Figure 3. Pump motor 23P02 

 

 
Figure 4. Wiring diagram 23P02 
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Table 1. Motor specification 

Unit Specification Information 

Manufacturer Name SIEMENS 

Type Induction Motor 

Serial Number 2203/2422971-008-001 

Weight 50 Kg 

Phase 3~ 

Frequency 50 Hz 

Working Voltage 400/690  

Power 5,5 KW 

Current 10,4/6,0A 

IP 55 

Power Factor/cos phi 0,84 

Efficiency 90,9% 

Rotation/min 2960 rpm 

INS.Class 155(F) 

 

 
Figure 5. 23P02 display on DCS monitor 

  

2.7. LV2301 Control Valve Specification Data 

 In the industrial sector, control valves play a very important role, especially in the 

control process in modern factories today. Control valves are generally used to control the 

flow rate of fluids and gases. This tool is very important for the continuity of a better factory 

production process. Such control is usually used for several processes, for example: Energy 

exchange, pressure reduction, pressure control, pressure filling and the simplest for filling 

tanks. 

 The working principle of the control valve is that the control valve is controlled by 

providing energy input in the form of compressed air / Instrument Air, electric power, 

hydraulics, input to control the control valve is issued by the controller which is usually 

called the manipulated variable. 



 

Journal homepage: https://journal.scitechgrup.com/index.php/ajer 

 
 

35 

 

 For compressed air / Instrument Air the standard signal is 3-15 Psi, for electric it is 4-

20 mA current. These signals are used to move the stem from fully open to fully closed 

called bench set. The control valve has very good accuracy to be controlled. 

 

Table 2. LV2301 control valve specification 

Unit Specification Information 

Manufacturer Name SAMSON 

Model Number 3725-1100000000 

Power Supply 4 to 20 mA DC 

Class CL 150 

Temperature -25 °C to 80°C 

Degree of  protecion IP 66 

Supply max  7 bar/105 psi 

Serial Number 500943233 

Connection size M20 x 1.5 

 

 
Figure 6. LV2301 in the field 
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Figure 7. LV2301 Interlock with level control 

 

 
Figure 8. Set point and opening control valve in balance condition 

 

3. Results and Discussion 

The voltage can remain stable even though the current changes because of the 

presence of a voltage source designed to maintain its output voltage, as well as the presence 

of voltage regulator components in many devices. This concept is very important in 

understanding how electrical systems work. 
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Table 3. Voltage and current measurement results 

No. Valve Opening Voltage (V) Current (A) 

R S T R S T 

1. 0% 380 380 380 6,1 6,1 6,1 

2. 10% 380 380 380 6,2 6,2 6,2 

3. 20% 380 380 380 6,3 6,3 6,3 

4. 30% 380 380 380 6,4 6,4 6,4 

5. 40% 380 380 380 6,6 6,6 6,6 

6. 50% 380 380 380 6,7 6,7 6,7 

7. 60% 380 380 380 6,9 6,9 6,9 

8. 70% 380 380 380 7,3 7,3 7,3 

9. 80% 380 380 380 7,7 7,7 7,7 

10. 90% 380 380 380 8,0 8,0 8,0 

11. 100% 380 380 380 8,3 8,3 8,3 

 
3.1. Calculating Motor Input Power 

 From the results of measuring the voltage and current flowing at the motor input, 

the author can then find the power requirements absorbed by the motor at each valve 

opening as follows. 𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑The flowing voltage is 380V with a power factor 

(𝐶𝑜𝑠𝜑) of 0.84 

0% opening with 6.1A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 6,1 x 0,84 

=3.368,51 W 

10% opening with 6.2A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 6,2 x 0,84 

=3.432,73 W 

20% opening with 6.3A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 6,3 x 0,84 

=3.478,96 W 

30% opening with 6.4A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 6,4 x 0,84 

=3.534,18 W 

40% opening with 6.6A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 6,6 x 0,84 

=3.644,62 W 

50% opening with 6.7A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 6,7 x 0,84 

=3.699,84 W 

60% opening with 6.9A current 
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𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 6,9 x 0,84 

=3.810,29 W 

70% opening with 7.3A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 7,3 x 0,84 

=4.031,17 W 

80% opening with 7.7A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 7,7 x 0,84 

=4.252,06 W 

90% opening with 8.0A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 8,0 x 0,84 

=4.417,72 W 

100% opening with 8.3A current 

𝑃 = √3 𝑥𝑉𝑥𝐼𝑥𝐶𝑜𝑠𝜑 

=1,73 x 380 x 8,3 x 0,84 

=4.583,39 W 

 

The following shows the calculation results in table form. 

 

Table 4. Input power and calcucaltion results 

No. Control Valve 

(%) 

Voltage (V) Current (A) Power (W) 

1 0 380 6,1 3.368,51 

2 10 380 6,2 3.432,73 

3 20 380 6,3 3.478,96 

4 30 380 6,4 3.534,18 

5 40 380 6,6 3.644,62 

6 50 380 6,7 3.699,84 

7 60 380 6,9 3.810,29 

8 70 380 7,3 4.031,17 

9 80 380 7,7 4.252,06 

10 90 380 8,0 4.417,72 

11 100 380 8,3 4.583,39 

 

3.2 Calculating Motor Output Power 

 To find out the output power of the motor, the following equation can be 

used.
𝐼𝑛𝑝𝑢𝑡𝐶𝑢𝑟𝑟𝑒𝑛𝑡

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝐶𝑢𝑟𝑟𝑒𝑛𝑡
 x Pout nominal . So it’s obtained, 

At 0% opening the current flowing is 6.1A so that we get 
6,1 𝐴

10,4
 x 5,5 KW 

=3,22 KW 

At 10% opening the current flowing is 6.2A so that we get 
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6,2𝐴

10,4
 x 5,5 KW 

=3,27 KW 

At 20% opening the current flowing is 6.3A so that we get 
6,3𝐴

10,4
 x 5,5 KW 

=3,33 KW 

At 30% opening the current flowing is 6.4A so that we get 
6,4 𝐴

10,4
 x 5,5 KW 

=3,38 KW 

At 40% opening the current flowing is 6.6A so that we get 
6,6𝐴

10,4
 x 5,5 KW 

=3,49 KW 

At 50% opening the current flowing is 6.7A so that we get 
6,7𝐴

10,4
 x 5,5 KW 

=3,54 KW 

At 60% opening the current flowing is 6.9A so that we get 
6,9𝐴

10,4
 x 5,5 KW 

=3,64 KW 

At 70% opening the current flowing is 6.3A so that we get 
7,3𝐴

10,4
 x 5,5 KW 

=3,86 KW 

At 80% opening the current flowing is 7.7A so that we get 
7,7 𝐴

10,4
 x 5,5 KW 

=4,07 KW 

At 90% opening the current flowing is 8.0A so that we get 
8,0 𝐴

10,4
 x 5,5 KW 

=4,23 KW 

At 100% opening the current flowing is 8.3A so that we get 
8,3 𝐴

10,4
 x 5,5 KW 

=4,39 KW 
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Table 5. Output power calculation result 

No. Control Valve (%) Voltage (V) Input Power 

(W) 

Output Power (KW) 

1 0 380 3.368,51 3,22 

2 10 380 3.432,73 3,27 

3 20 380 3.478,96 3,33 

4 30 380 3.534,18 3,38 

5 40 380 3.644,62 3,49 

6 50 380 3.699,84 3,54 

7 60 380 3.810,29 3,64 

8 70 380 4.031,17 3,86 

9 80 380 4.252,06 4,07 

10 90 380 4.417,72 4,23 

11 100 380 4.583,39 4,39 

 

3.3 Percentage of Power to Serve the Load 

To find out the percentage of power, the following equation can be used.         
𝑃𝑖𝑛𝑝𝑢𝑡

𝑃𝑜𝑢𝑡𝑝𝑢𝑡
 x 100% 

So it’s obtained, 

At 0% opening with input power of 3,368.51 W 
3.368,51 W 

5500 𝑊
 x 100% 

=61,2 % 

At 10% opening with input power of 3.432,73 W 
3.432,73  W 

5500 𝑊
 x 100% 

=62,4 % 

At 20% opening with input power of 3.478,96 W 
3.478,96 W 

5500 𝑊
 x 100% 

=63,2 % 

At 30% opening with input power of 3.534,18 W 
3.534,18 W 

5500 𝑊
 x 100% 

=64,2 % 

At 40% opening with input power of 3.644,62 W 
3.644,62 W 

5500 𝑊
 x 100% 

=66,2 % 

At 50% opening with input power of 3.699,84 W 
3.699,84 W 

5500 𝑊
 x 100% 

=67,2 % 

At 60% opening with input power of 3.810,29 W 
3.810,29 W 

5500 𝑊
 x 100% 

=69,2 % 

At 70% opening with input power of 4.031,17 W 
4.031,17 W 

5500 𝑊
 x 100% 
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=73,2 % 

At 80% opening with input power of 4.252,06 W 
4.252,06 W 

5500 𝑊
 x 100% 

=77,3 % 

At 90% opening with input power of 4.417,72 W 
4.417,72 W 

5500 𝑊
 x 100% 

=80,3 % 

At 100% opening with input power of 4.583,39 W 
4.583,39 W 

5500 𝑊
 x 100% 

=83,3 % 

 From the results of the calculation of the percentage of power to serve the valve 

opening, it is known that at 0% valve opening, a power of 61.2% of the nominal motor 

power is required and the percentage continues to increase along with the maximum valve 

opening percentage, which is 100% with the percentage of power required being 83.3% of 

the nominal motor power. 

 

3.4. Calculating Power Efficiency on a Motor 

 Thus, the output power has been obtained at each valve opening. Then, to find out 

the efficiency of the motor power obtained at each valve opening percentage, it is as follows, 

using the formula ղ = 
𝑃𝑜𝑢𝑡𝑝𝑢𝑡

𝑃𝑖𝑛𝑝𝑢𝑡
 x 100% . So that we can then know the motor efficiency value 

at each valve opening. 

At the time of opening 0%  

Pout = 3,22 KW=3.220 W 

Pin = 3.368,51 

ղ=…? 

 

ղ = 
3.220 

3.368,51
 x 100% 

= 95% 

At the time of opening 10% 

Pout = 3,27 KW=3.270 W 

Pin = 3.432,73 

ղ=…? 

ղ = 
3.270 

3.432,73
 x 100% 

= 95% 

At the time of opening 20% 

Pout = 3,33 KW=3.330 W 

Pin = 3.478,96 

ղ=…? 

ղ = 
3.330 

3.478,96
 x 100% 

= 94% 

At the time of opening 30%  

Pout = 3,38 KW=3.380 W 
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Pin = 3.534,18 

ղ=…? 

ղ = 
3.380 

3.534,18
 x 100% 

 = 95% 

At the time of opening 40%  

Pout = 3,49 KW=3.490 W 

Pin = 3.644,62 

ղ=…? 

ղ = 
3.490 

3.644,62
 x 100% 

= 95% 

At the time of opening 50%  

Pout = 3,54 KW=3.540 W 

Pin = 3.699,84 

ղ=…? 

ղ = 
3.540 

3.699,84
 x 100% 

= 95% 

At the time of opening 60%  

Pout = 3,64 KW=3.640 W 

Pin = 3.810,29 

ղ=…? 

ղ = 
3.640 

3.810,29
 x 100% 

= 95% 

At the time of opening 70%  

Pout = 3,86 KW=3.860 W 

Pin = 4.031,17 

ղ=…? 

ղ = 
3.860 

4.031,17
 x 100% 

= 95% 

At the time of opening 80%  

Pout = 4,07 KW=4.070 W 

Pin = 4.252,06 

ղ=…? 

ղ = 
4.070

4.252,06
 x 100% 

= 95% 

At the time of opening 90%  

Pout = 4,23 KW=4.320 W 

Pin = 4.417,72 

ղ=…? 

ղ = 
4.230

4.417,72
 x 100% 

= 95% 

At the time of opening 100%  

Pout = 4,39 KW=4.390 W 
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Pin = 4.583,39 

ղ=…? 

ղ = 
4.390

4.583,39
 x 100% 

= 95% 

 From the calculation results above, the following table shows the results of the 

calculation of the motor efficiency value for each open valve with percentage parameters. 

 

Table 6. Motor efficiency calculation result 

No. Control Valve (%) Input Power 

(W) 

Output Power (KW) Efficiency (%) 

1 0 3.368,51 3,22 95 

2 10 3.432,73 3,27 94 

3 20 3.478,96 3,33 95 

4 30 3.534,18 3,38 95 

5 40 3.644,62 3,49 95 

6 50 3.699,84 3,54 95 

7 60 3.810,29 3,64 95 

8 70 4.031,17 3,86 95 

9 80 4.252,06 4,07 95 

10 90 4.417,72 4,23 95 

11 100 4.583,39 4,39 95 

 

3.4 Overall Results 

 Based on the results of observations and calculations on the crude glycerine water 

pump motor at PT. Unilever Oleochemical Indonesia, it is known that at each valve opening, 

study results are obtained where changes in the current caused by changes in the valve 

opening will affect the loading on the motor, both input power, output power and power 

efficiency using the formula  
𝐼𝑛𝑝𝑢𝑡𝐶𝑢𝑟𝑟𝑒𝑛𝑡

𝑁𝑜𝑚𝑖𝑛𝑎𝑙𝐶𝑢𝑟𝑟𝑒𝑛𝑡
 x Pout nominal 

So that the change in output power can be known compared to the nominal power 

on the motor nameplate. After the output power is known, then the motor efficiency can be 

calculated at each valve opening using the formula 

ղ = 
𝑃𝑜𝑢𝑡𝑝𝑢𝑡

𝑃𝑖𝑛𝑝𝑢𝑡
 x 100% 

The following are the results of a study related to changes in valve openings that 

affect the load on the motor. 
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Table 7. Overall results 
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%

) 

V
o

lt
a

g
e

 

(V
) 

C
u

rr
e

n
t 

(A
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(K
W

) 

E
ff
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n
c

y
 (

%
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1 0 380 6,1 3.368,51 3,22 95 

2 10 380 6,2 3.432,73 3,27 95 

3 20 380 6,3 3.478,96 3,33 94 

4 30 380 6,4 3.534,18 3,38 95 

5 40 380 6,6 3.644,62 3,49 95 

6 50 380 6,7 3.699,84 3,54 95 

7 60 380 6,9 3.810,29 3,64 95 

8 70 380 7,3 4.031,17 3,86 95 

9 80 380 7,7 4.252,06 4,07 95 

10 90 380 8,0 4.417,72 4,23 95 

11 100 380 8,3 4.583,39 4,39 95 

 

 From the case discussed, it is known that the factor that affects the efficiency of the 

crude glycerine water pump motor is the change in load due to the valve opening which 

affects the change in current at each percentage of valve opening. 

 

Conclusions 

Based on the analyzed data, it can be concluded that the current flowing through the 

crude glycerine water pump motor varies with the valve opening percentage, where at 0% 

opening the current is 6.1A and at 100% it increases to 8.3A. This variation in current is 

influenced by changes in load corresponding to different valve openings. Furthermore, these 

changes in current affect motor loading, including input power, output power, and power 

efficiency. Overall, a larger valve opening results in higher current flow, increased input 

power, and greater output power in the pump motor. 
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