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ABSTRACT 
 
In the process of providing drill pipe for oil and gas drilling 
required specifications that must be met. One of the requirements 
that must be met in one of the established standards 
internationally is about the connection process is commonly 
called coupling where the coupling connector must be coated with 
phosphate process. At PT. X Indonesia, implement one process 
commonly referred Mn phosphate. In this process a few points 
need to be achieved so that the product is satisfactory. These 
points one of which is the use of chemical heat should reach 
between 90 °C – 95 oC. Using heater is needed for reach that 
temperature. But in reality cannot stand alone required the heater 
control using PID control system with feeder behind using a 
thermocouple as heat sensors. PID control also requires the value 
of  P, I, and D which would be obtained by calculation. If all is 
fulfilled then the plant can already be used. A PID control with a 
thermocouple sensor that will control the heater. 
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1.0 INTRODUCTION 
 
In Mn-phosphate plant system, electric heater uses as the heater. 
The heat used in this plant should reach a certain temperature 
limits for the results obtained according to the standard use of the 
product is between 900C - 980C. Besides that, activate heater 
constantly will make heater soon be broken. Such damage to the 
heater due to melting material which makes the sort of circuit and 

interruption of the heating element in the heater. Constraints that 
occur in the field not just stop there, but there are many other 
thing can be an effect of the heater broken. Selection of the heater 
and the volume of water will also greatly affect the lifetime of the 
heater itself. 
Several studies have been conducted on the heater control despite 
the different plant, among others, the use of PID control system 
engine YV furnace carried out by [1]. They evaluated the 
performance of flow PID controller design for the furnace 
temperature control heating industry. 
Research on heat exchanger control system has also been carried 
out by [2]. The main purpose of the system is the heat exchanger 
system heat exchanger is to transfer heat from hot fluid to cold 
fluid. 
Research on temperature control system using the PID was 
already done by [3]. They have developed a temperature control 
system using fuzzy logic. 
Research on PID control is often done but research on PID 
control is applied to the MN-Phosphate plant is still not yet 
widely found. To overcome the problems that occur author will 
do the design and application of the heater control system used in 
the MN-phosphate plant. To keep alive - dead heater is done 
applying PID controller. Aiming to provide the idle time on the 
heater so that the heater does not over heat 
 
2.0 SYSTEM DESIGN 
 
2.1 Study Design 
 
The design of PID control system can be seen in the block 
diagram of Figure 1. Where the block diagram indicates that the 
PID control controls the heater and the heat from the heater to be 
fed back to the PID by thermocouple. 
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Figure 1 : Transfer Function Block Diagram 

 
Thermocouple as heat sensors provide input to thermocontrol. 
Thermocontrol used as a PID control which gives orders to the 
contactor. While the contactor is turn on and turn off the heater. 
 
Selection of heater must be done carefully because if not then it 
will be very detrimental. Some parameters that will affect that 
volume of water, set the desired time, set the required 
temperature. From these parameters can be calculated with the 
formula. To find the volume of water first tank gauge to be used. 
Height minus 100 mm tank for water boundary. 
 
With a volume of 1800 liters of water to the set temperature of 
95° C is required 178KW / h is taken from the table provided 
heater manufacturer. To set the time so that the power required is 
not too high taken 3 hours, then 178 divided into 59 333 3 KW. 
For high heater tanks 690 that can be used is 3.5 KW.Maka heater 
59.3 divided by 3.5 result 17 heater. 
 
Selection of thermocouple based on the limitation temperature 
used and the type of controller. Besides linearity, the other 
important thing is to take into account the needs of the 
thermocouple. In this project temperature will set between 90°C - 
95°C, for levels of linearity does not require a sensor with good 
linearity due to small temperature limits, to the controller can use 
all kinds of thermocontrol. 

 
When viewed on a sensor that is easily found in the market at a 
price that is more affordable then type A that would be an option. 
Type A has characteristics with temperature limits 0oC - 750oC. 
Level linearity is not straight. However, this sensor is very easy to 
find on the market. 
 

In the election of contactor cannot be arbitrary. There are 
several parameters that we need to know. The first parameter 
control voltage. On this project, panel control will be supplied by 
380 VAC 3 phase and neutral. One of the phases when used with 
neutral then to 220 VAC is also a control voltage. The second 
parameter is the current used. In the first design, contactor will 
control three heaters, which means power of 10.5 KW, the load 
current to be passed by 20 amperes. The third parameter is the 
number of contacts. Because the use of 3-phase heater is used, the 
contact amounted to 3. The fourth parameter is contact properties 
which condition is heater on or off will be controlled with the 
initial condition die. Then contact contactor used is normally 
open (NO). 
 
In tuning PID Matlab software will be used to help determine the 
value of proportional (P), integral (I), and derivative (D). In using 
Matlab will use one of the applications that Simulink. Modeling 
system will be made in the software, useful for simulating control 
made like Figure 2. Results heater transfer function taken from 
how to retrieve data on a tank of hot water is made a graph by 

using Ms. Excel like Figure 3.8, Figure 3.9, and Figure 3.10 taken 
trend line equation by adding functions and features polynomial 
calculation functions. Value 1080 is the time until the attainment 
of the set. Value 3225 is taken from the modeling graph which is 
taken from the temperature graphs. While the 0.95 is divided by 
the value set 100. 

 
Figure 2: Modeling Systems PID In Simulink 

 
 
2.2 Control Panel Design 
Wiring image shows how the installation of cable lines from the 
panel to the tank. Picture of wiring shown by Figure 3. Control 
panel schematic drawing shows how the wiring in the control 
panel. Pictures panel wiring scheme shown by Figure 4. Pictures 
heater wiring scheme shows how the wiring 3-phase heater. For 
unlike the heater wiring cabling to the motor that if upside down 
installation phase motor will be affected. The sequence of wiring 
in the heater can be done according to our wishes.  

Displayed Text Description
I-1 ~ I-6 THERMOCOUPLE

H-1 ~ H-18 HEATER
P PANEL

3 PHASE
1 PHASE

Instrument List

 
Figure 3 Single Line Diagram Phosphate Plant 

 

 
Figure 4 Schematic Diagram Figure Control Panel 
 

In Out 

HEATPID 

THERMOCOUPL
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Figure 5 Schematic Wiring Diagram Figure Heater 
 

 
 
3.0 RESULT AND ANALYSIS 
 
In Figure 6 shows the simulated warming heater without using the 
PID. With heating without temperature control on the water can 
reach 100 ° C within 10 800 s or 3 hours with the heater continues 
to work. Transfer function for heater obtained by comparing hot 
water heater gets hot from output with Simulink signal results in 
scope. 
 

 
Figure 6:  Display Warming Heater Simulation Results Using 

Simulink 
 
While using the simulation using the PID as Figure 9 where the 
transfer function of the heater together with simulation as Figure 
7 with PID values which have been set by calculating the value of 
P = 2, the value of I = 5.95 x 10-4, and the value of D = 20 with 
the wave results in Figure 3.5 shows that the wave is stable at 
temperatures of 95 ° C within 10 800 seconds or 180 minutes. To 
feed back is considered a value of 1 for the measurement with a 
thermometer and look at thermocontrol same value. Here is the 
calculation of the PID parameter values from the results of 
experiments in which e (t) is considered one because the 
difference between thermocontrol measurement with 
thermocouple input with taking the measurements using a 
thermometer are considered equal. And the value of m (t) is 
output value of P, I, and D are different and taken from the value 
of P, I, and D are cool. S value is the value of time in seconds 
taken from the time of heating the water until it reaches the value 
set.  

 
Figure 7 Display Using PID Heating Simulink 

 

 
 

Figure 8: Display Results Using Simulink Simulation With PID 
value  

 

 
Figure 9; Graph From the Home Heating Water Heating 

Temperature Set To Exceed In Panel A 

 
 

Figure 10: Graph From the Home Heating Water Heating 
Temperature Set To Exceed In Panel B 

Temperature 95 C 
at 10800 s 

Steady state 105oC at 10800 s 
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Figure 11: Graph From the Home Heating Water Heating 

Temperature Set To Exceed In Panel C 
In the graph above shows the temperature values 

displayed on the panel is appropriate. Conformity can be seen by 
comparing the actual measurements using a thermometer with a 
display panel is thermocontrol display with thermocouple input. 

 
In each graph shown above can be seen in a comparison 

between the actual heat taken from a thermometer to measure the 
heat which is displayed thermocontrol (control 1 - control 6) 
taken with a thermocouple. The comparison results do not differ 
much. The difference between the display panel with a 
thermometer between 0 ° C to 2 ° C. 

 
In accordance with Simulink experiment heating water to 

a stable point 95oC takes 180 minutes. By tuning PID, the value 
of P = 2000 I = 6, and D = 20. Values obtained from multiplying 
the value adjustment on Simulink simulation with the number 
10000 for the smallest value adjustment on thermocontrol is 1. 
Value adjustment also affects the on-off work thermocontrol with 
an average time-on for 3 minutes and off for 6 minutes does not 
include decreased if the material being produced already in the 
tank. Data for work on-off thermocontrol contained in appendix 
2. When the material produced is inserted in the tank then there is 
a decrease of 3 ° C which makes hot water into 92oC. To raise the 
temperature until set, heating heater takes on average for 20 
minutes. For employment data with the heater heating the 
material in the tank. 

 
For appointment time above 180 minutes had entered PID 

work. PID regulate work on-off heater by time. With the value of 
P = 2000 I = 6, and D = 20, time off heater for 5 minutes, 6 
minutes, and 7 minutes alternately. After the heater on for 3 
minutes. For data on-off heater in Appendix 2 while the data for 
the temperature for 245 minutes. 

 
Voltage measurement is done by using a multimeter by measuring 
the voltage between phases for 3 phase and by measuring the 
voltage phase with neutral for the first phase. Voltage source 
heater voltage must be stable at 380-400 VAC for three phase and 
220-230 VAC for 1 phase. 

 
The measurement three phasa is done by measuring the voltage 
between the phase that is phase R, S phase, and phase T. inter-
phase measurement is used to see if the voltage is suitable for use 
in the heater. If the voltage does not match the voltage can make 
the heater will be broken. Voltage obtained in this measurement 
of 382V AC - 405 V AC. 
 
The measurement one phasa is done by measuring the voltage 

between phase to neutral. This measurement is used to see if the 
voltage is suitable for use on the control panel. If the voltage does 
not match the voltage will damage the components used on the 
control panel and cause malfunction of the components, 
especially digital components. Voltage obtained in this 
measurement at 220VAC - 229 VAC. 

For current measurements carried out measurements on 
the heater cable using pliers ampere, by measuring one - one on 
each cable heater is used. Measurements were performed for 8 
weeks. Measurement results and see the level drop in the heater 
working with tables and charts shown in Table 1 and Figure 12 
show on the tank heater A, table 2 and Figure 13 show heater on 
the tank B, table 3 and figure 14 show  heater that used in tank C. 

 
Table 1 Flow Measurement Results In A Tank Heater 

 
WEEK OKTOBER NOVEMBER DESEMBER 

HEATER   1 2 3 4 5 6 7 8 

H1 5.1 5.0 4.9 4.8 4.6 4.4 4.3 4.2 
H2 5.2 5.1 5.0 4.9 4.7 4.5 4.4 4.3 
H3 5.2 5.1 4.9 4.8 4.6 4.4 4.3 4.1 
H4 5.0 4.8 4.7 4.5 4.3 4.0 OFF 
H5 5.0 4.9 4.7 4.6 4.4 4.1 OFF 

H6 5.2 5.0 4.9 4.7 4.5 4.2 4.0 OFF 

 
 

 
Figure 12: Flow Chart Heater In A Tank 

 
Table 2 Flow Measurement Results In Tank Heater B 

 
WEEK OKTOBER NOVEMBER DESEMBER 

HEATER   1 2 3 4 5 6 7 8 

H7 5.3 5.2 5.1 5.0 4.8 4.7 4.6 4.5 

H8 5.1 5.0 4.9 4.8 4.6 4.5 4.4 4.3 

H9 5.0 4.8 4.7 4.5 4.3 4.0 OFF 

H10 5.2 5.0 4.9 4.7 4.5 4.2 4.0 OFF 

H11 5.2 5.0 4.8 4.7 4.5 4.1 OFF 

H12 4.9 4.8 4.6 4.5 4.0 OFF 
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Figure 13: Flow Chart Heater On Tank B 

 
Table 3 Flow Measurement Results In C Tank Heater 

 
WEEK OKTOBER NOVEMBER DESEMBER 

HEATER   1 2 3 4 5 6 7 8 

H13 5.1 5.0 4.9 4.8 4.6 4.4 4.3 4.2 

H14 5.0 4.9 4.8 4.8 4.7 4.5 4.4 4.3 

H15 5.3 5.2 5.0 4.9 4.8 4.5 4.4 4.2 

H16 5.2 5.0 4.8 4.6 4.4 4.0 OFF 

H17 4.9 4.7 4.6 4.4 4.1 OFF 

H18 5.0 4.9 4.7 4.6 4.5 4.2 4.1 OFF 

 

 
Figure 14: Flow Chart Heater On Tank C 

 
Heater used capacity of 3500 watts. With power like that if 
calculated by the formula I = P / (V√3) then the current value 
when used matches is between 5.05A - 4.9A ie 5.3a - 5.3a. From 
the data shown in the above tables and graphs, can be seen heater 
being used matches. Heater used for 6 x 24 hours for 8 weeks. For 
1 x 24 hours ie on the day of the week heater rested. 

With the use of such data suggests there is a decrease from 
the beginning of heater use. From the beginning of 3500 watts of 
power and current 5A - there 5.3a decline between 80.8 watts to 
231 watts or decrease current use of 0,1A to 0,3A within a period 
of one week. At the current moment the heater has reached below 
4A, the heater will be damaged. In the above table, the damaged 
heater is marked with "OFF". 
 
 
4.0 CONCLUSION 
 

The accuracy of temperature is used as a heat stability 

comparable data heater with heater capabilities. Set value and 
PID values are entered very influential in working heater. When 
the entered value does not match then the heat could be reached 
or exceeded the value set. With the smallest PID value set in 
accordance with a value P = 2000, the value I = 6, and the value 
D = 100 heater can be made stable at the value set. The value of 
an impact on the work of on-off heater when its value has reached 
the value set 95oC. Heater will work on within 3 minutes and be 
off within 5 minutes - 7 minutes. 

 
Level of durability heater will be done by looking at the 

value of resistance heater. With the results of the calculation with 
the formula V = I * R a decline in consumption current during 2 
weeks, which means the value of resistance at the heating element 
(R) increases. When compared with the results of the calculation 
with the formula P = V * I with the reduced value of the current 
(I) also reduced the value of the power (P). 

 
With such results, the use of heater with PID on-off 

system that is used 24 hours continuously for 2 weeks full time 
off the heater for 24 hours only will make the heater last for 
approximately 1.5 months to 2 months of usage. Results from the 
use of such means can be seen in Table 1, Table 2 and Table 3. In 
the table we can see that the heater will be damaged at current 
values below 4 amperes. 
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