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Abstract: This study is to apply the PD, Pl and PID control mode on vessel VE203
during heating temperature process. This experiment is to aim to find the suitable
parameters to use in DCS system at biodiesel pilot plant in UTHM for doing heating
process. Also, this experiment is to find a low overshoot value between process value
with setpoint value, and find the best rise time and cycling time. Besides that, redraw
the p&id drawing also include in this experiment is to improve the p&id drawing form
manufacturing to tally with the actual plant. The method that is apply in this
experiment is “trial and error” method. By doing this method is easier to find the
suitable parameters. The gains of a PID controller can be obtained by trial and error
method. Once an engineer understands the significance of each gain parameter, this
method becomes relatively easy. In this method, the | and D terms are set to zero first
and the proportional gain is increased until the output of the loop oscillates [14]. As
one increases the proportional gain, the system becomes faster, but care must be taken
not make the system unstable. by make analysis of each response control mode. The
result will compare of each control mode by looking the overshoot value and the rise
time. This is because the equipment in biodiesel pilot plant at UTHM are related to
the response of the control system. Such as, the quality of steam, the quality of piping,
the length of piping, the loss of pressure in fraction loss, the age of temperature valve,
the age of temperature transmitter, the surrounding of vessel and size of vessel. After
all the data obtain, the result has been finding and it show the best parameters of PID
control mode is by set the proportional is 2, integral is 500ms and derivative is 500ms.
That parameters combine can get the best result of the overshoot value and rise time
which is overshoot value can get 1.1 degree Celsius and the rise time is taking about
4 minutes.
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1. Introduction

The various sources about 408 of proportional integral derivative PID controller turning [1]. 30%
of controllers permanently operate in manual mode and 25% use factory-tuning without any up-date
with respect to the given plant. [2]. Hence, there is natural for effective PID controller design algorithms
enabling not only to modify the controlled variable but also achieve specifies performance [3].
However, proportional integral derivative PID control is still simplest yet most effective approach in
the control industry [4]. This attractive property, tuning parameters of PID controller has attracted
intensive attentions in control theories and practices [5]. As a result, substantially powerful of PID
tuning rules aiming at obtaining high stability and satisfied closed-loop response have witnessed a boom
development since 1942. Ziegler and Nichols [6]. The delay will occur by actuator, sensor and field
network while for input constraint are caused by limitation of actuator [7].

However, a controller is a device that produces an output signal based on. Process control system
operation to the input signal it receives. The input signal is actually error signal, it's difference from
measured value variables and desired values, or set point. This input error signal is deviation between
where is the process system actually works and where the process system operating. Controller provides
output signal to final control element to adjust process system to reduce this deviation. The properties
this output signal is type or mode controller.

Moreover, constraint also can make control system have damaging effects on the system
performance presence in the PID controller induces undesired operational difficulties that cause
excessive overshoots, long settling time and loss of stability in PID controller [8].

2. Methods

This experiment has been conducting at plant biodiesel in UTHM. This experiment needs a steam
at least 4 bars produced by a boiler. After a steam at a boiler reach 8 bars, the steam will supply to the
plant and following the pipeline to do the heating process. To do this experiment student must
understand the p&id drawing, these to ensure the loop or cascade are existing in the process before
doing the experiment, also the student need to understand the proportional integral derivative PID,
proportional derivative PD and proportional integral Pl work.

2.1 Trial and Error Method

This method is applying to identify the suitable parameters of control mode; this method was easier
to make an analysis by taking the data of the graph. The data have been collected by changing the
parameters one by one. Doing this experiment is consuming a lot of time to identify which parameters
that are really suitable to combine with. The experiment has been testing 15 times including PD control,
Pl control, and PID control. Figure 1 show the flow chart of applying the control mode in this
experiment to identify the parameter and find the low overshoot value and fastest rise time.

The control mode applies:

i.  Testwith PD control by changing the parameters of derivative and remain the proportional.
ii.  Test with PI control by changing the parameters of integral and remain the proportional.
iii.  Test with PID control by changing the parameters of integral, remain the proportional and

derivatives.

iv.  Test with PID control by changing the parameters of derivatives, remain the proportional
and integral.

v.  Test with PID control by changing the parameters of proportional, remain the derivatives
and integral
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The procedure does this experiment is:

Phase 1:

1. Apply PD control by changing the
parameters derivatives from 10000ms to
5000ms and finally to 500ms.

Experiment
analysis

Phase 2:

2. Apply PI control by changing the
parameters integral from 10000ms to
5000ms and finally to 500ms.

Experiment
analysis

Phase 3:

3. Apply PID control by changing the
parameters integral from 10000ms to
5000ms and finally to 500ms. then, by
changing the parameters derivatives from
10000ms to 5000ms and finally to 500ms.
Lastly, by changing the parameters of
proportional from 3 to 2 and then 1.

l
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Comparative study of the
performance current spec
PID and tuning PID

End

Figure 1: Flowchart of procedure doing the experiment

3. Results and Discussion
3.1 Before changing the parameters of PID.

Table 1 show the default parameters in DCS at plant biodiesel in UTHM before changing it shows
the parameters of process value temperature, setpoint value temperature, overshoot value temperature,
and rise time at vessel VE203 obtain by the default parameters of proportional integral and derivative
PID in DCS. Then, based on the obtained parameters process in the PID parameters have changed
according to the “trial and error method”. The data obtain from the default parameter will give a hint
that parameter can be changed to the best parameter combination.

Table 1: Default parameters of PID parameters in DCS

P I D
3 20Kms 10Kms

Table 2: The result of default PID parameters in DCS

Setpoint Value  Process Value Overshoot Rise Time
Temperature Temperature Value
Temperature
45°C 48.5.°C 3.5°C 6 minutes
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Figure 2: Default setting in DCS of the parameters proportional integral derivative PID and result of
the process heating temperature at vessel VE203
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3.2 Proportional plus reset (Integral) control, Integral is 400ms

The result of the Table 4 shows the process value temperature, setpoint value temperature,
overshoot value temperature, and cycling time. It can observe that the cycling time was 4 minutes to
cross the set point value. The overshoot value is 1.6°C. From phase 1 experiment, it shows the smallest
parameter of integral from Table 3 would make a rise time of process value to cross setpoint value save
a couple of times. By changing it from 10000ms to 5000ms to 500ms and lastly to 400ms. Remain the
proportional to number of 3 because want to keep the default parameter. Figure 3 shows the process
value temperature, setpoint value temperature, overshoot value temperature, and cycling time. It can
observe that the rise time was 4 minutes to cross the set point value. The overshoot value is 1.6 °C.

Table 3: The parameter value of proportional and integral (P1)

P [ D
3 400ms OKms
Table 4: The result obtains from the experiment by using the PI control mode
Setpoint Value  Process Value Overshoot Rise Time
Temperature Temperature Value
Temperature
64°C 65.6°C 1.6°C 4 minutes
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Figure 3: The response of proportional plus rate derivative (P1)

The value of parameters is test with proportional is 3 and integral is 400ms, this combination shows
that there were suitable for combine with it because an integral is not too big for proportional. By
making these constants larger or smaller, it can make the contribution of one of the controls more
dominant or subtle in the system. One system might need only light integral control, some proportional
and strong derivative, while another system might need strong integral and proportional controls, but
not much derivative, while still another system might need roughly equal measures of each. [13]. This
make a rise time is getting higher and the overshoot value is getting smaller. After this result show up
this will consider the best combination of proportional and integral because overshoot value is low.

3.3 Proportional Plus Rate Derivative (PD) Control Derivative is 500ms

The Figure 4 shows the process value temperature, setpoint value temperature, overshoot value
temperature, and cycling time. It can observe that the cycling time was 2 minutes to cross the set point
value. The overshoot value is 1.3 °C. For phase 2 experiment which is changing the parameter of
derivatives from 10000ms to 5000ms and lastly to 500ms. Still remain a parameter to number 3 because
want to keep the default parameter with this experiment it shows on Table 5. By changing to smallest
parameter of proportional it will give response towards rise time and overshoot value shows on Table
6.

Table 5: The parameter value of proportional and derivative (PD)

o

| D
3 Oms 500ms
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Table 6: The result obtains from the experiment by using the PD control mode

Setpoint Value  Process Value ~ Overshoot Rise Time
Temperature Temperature Value
Temperature
70.9°C 72.2°C 1.3°C 2 minutes

The value of parameters is test with proportional is 3 and derivative is 500ms, this
combination shows that there were not suitable for combine with because derivative is too big
for proportional. This make a rise time is getting shorter and the overshoot value is getting
smaller. The higher the error signal rate of change, the sooner the final control element is
positioned to the desired value. Several important things to keep in mind when working with
PID control loops [13]. Error is the difference between the level you want and the level that is
measured, and control loops work to correct error and derivative control detects and resists
abrupt changes in the system [13].
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Figure 4: The response of proportional plus rate derivative (PD)

3.4 Proportional Integral Derivative PID, Integral is 500ms

The Figure 5 shows the process value temperature, setpoint value temperature, overshoot value
temperature, and rise time. It can observe that the rise time was 11 minutes to cross the set point value.
The overshoot value is 0.3 °C. For this phase 3 experiment will be used the data from phase 1 and phase
2 data obtain and apply with combine it. Example on the Table 7 shows the parameter of integral was
the lowest others than 2 parameters. by changing of that parameter, it will give a response for the heating
process show on Table 8.
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Table 7: The parameter value of proportional and derivative (PID)

o

I D
3 500ms 10000ms

Table 8: The result obtains from the experiment by using the PID control mode

Setpoint Value  Process Value  Overshoot Rise Time
Temperature Temperature Value
Temperature
65°C 65.3°C 0.3°C 11 minutes
70
65 65 65 65 65 65 65 65 65 6553
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Figure 5: The response of proportional integral derivative (PID)

The value of parameters is test with proportional is 3, an integral is 500ms and derivative is
10000ms, even a small error term will cause the integral component to increase slowly. The integral
response will continually increase over time unless the error is zero, so the effect is to drive the Steady-
State error to zero. Steady-State error is the final difference between the process variable and set point
[14]. This make a rise time is getting longer and the overshoot value is getting slower. the value of an
integral can be considered because it can make the overshoot value is getting lower.

3.5 Proportional Integral Derivative PID, Derivative is 500ms

The Figure 6 shows the process value temperature, setpoint value temperature, overshoot value
temperature, and rise time. It can observe that the rise time was 4 minutes to cross the set point value.
The overshoot value is 1.1 °C. The Table 9 shows the changed of parameter, after been changed from
10000ms to 5000ms and lastly to 500ms. By that parameter it will give a different of the result of
experiment which is show on Table 10.
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Table 9: The parameter value of proportional and derivative (PID)

o

I D

2 500ms 500ms

Table 10: The result obtains from the experiment by using the PID control mode

Temperature

Setpoint Value  Process Value Overshoot Cycling Time
Temperature Temperature Value
Temperature
75.8°C 76.9°C 1.1°C 4 minutes
80
77.5 76.9 76.9
75.8 75.8 75.8 758 75.8 /75.8 75.8

25.2

48—
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70
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Figure 6: The response of proportional plus rate derivative (PID)

The value of parameters is test with proportional is 2, an integral is 500ms and derivative is
5000ms, this combination shows that there was considered suitable for combine with it. This is because
a rise time took 4 minutes to cross the setpoint and the overshoot value is getting smaller with 1.1°C

3.6 Proportional Integral Derivative PID, Proportional is 2

The value of parameters is test with proportional is 2, an integral is 500ms and derivative is 5000ms,
this combination shows that there was considered suitable for combine with it. This is because a rise
time took 4 minutes to cross the setpoint and the overshoot value is getting smaller with 1.1°C. Table
11 shows the changed of parameter proportional before this the experiment have been testes with
parameter 3 after changed it to 2 it gives a response toward heating temperature on Figure 7. Table 12
shows the result of response after changed the parameter.
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Table 11: The parameter value of proportional and derivative (PID)

P I D
2 500ms 500ms

Tablel2: The result obtains from the experiment by using the PID control mode

Setpoint Value  Process Value Overshoot Rise Time
Temperature Temperature Value
Temperature
75.8°C 76.9°C 1.1°C 4 minutes
80
78
76.9
o 758 75.8 75.8 75.8 75.8 75.8%.8
; 76 754 —
© 74.7
(]
o 74 Process Value
£
o 74
= 73 — Setpoint Value
72
72
70
0 1 2 3 4 5

Time (minute)

Figure 7: The response of proportional integral derivative (PID)

The value of parameters is test with proportional is 2, an integral is 500ms and derivative is 500ms,
this combination shows that there were suitable for combine with it because the derivative and an
integral is not too big for proportional. This make a rise time is adding one minute and the overshoot
value is getting slower.

3.7 Discussions

Comparing Table 2 and Table 4 for VE203 revealed that integral action is useful for eliminating
offset caused by load variations and process self-regulation. In the presence of lags and/or dead time,
integral action will cause oscillation if sufficiently aggressive. In purely integrating processes, any
amount of integral action guarantees overshoot following setpoint changes. Besides that, derivative
action is useful for cancelling lags but useless on its own. Each action has limitations, and the derivative
action dramatically amplifies process noise, causing oscillations in fast- acting processes. Each action
has a unique application. Derivative action works exceptionally well for speeding up the response of
processes dominated by long lag times and for assisting in the stabilization of runaway processes. The
aims are to provide the parameters that can implement in DCS at plant biodiesel in UTHM is achieved
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because before changing the parameters the overshoot was runaway far from setpoint value and the rise
time was taking long.

Table 13 show the low overshoot and fastest rise time by using the parameter for PID, proportional
is 2, integral is 500ms and derivatives is 500ms to compare others parameters of control mode. The
green highlight is the best result for this experiment with overshoot value with 1.1 degree Celsius and
rise time taking 4 minutes

Tablel3: The three-control mode result of the experiment

Control Mode p I D Result

PD 2 Oms 500ms Overshoot value: 1.3°C

Rise time: 2 minutes

PI 2 400ms 0Oms Overshoot value: 1.6°C

Rise time: 4 minutes

PID 2 500ms 500ms Overshoot value: 1.1°C

Rise time: 4 minutes

This is not good situation for production plant for an example a recovery process at VE203, because
the process is using a methanol during the heating, the properties of methanol in SDS (Safety Data
Sheet) was shown a boiling point for methanol was at 64.7 degree Celsius. This can be one of safety
precaution for heating process to not overshoot the process value. As we know the production plant are
one of the highest demand plantations in global. Then, time management are very important for
production plant, if the time is taking long for any process it can delay the production and it can give a
bad feedback for the company.

4. Conclusion

The experiment result demonstrates that the PID controller is very effective and suitable for heating
temperature for improving the domain characteristic of system response, such as rise time, and
overshoot. In order to overcome some problems that faced by students about losses of resources about
PID in subject plant control and instrument. The testing in several controller mode has been
implementation on heating temperature at vessel plant biodiesel have comes out with kind of response
of the controller mode. It can give easier to identify which is more suitable parameters to use for heating
process at vessel especially for polishing process at plant biodiesel. According to the experiment about
result and analysis. The response of PID towards heating process are related many factors such as the
quality of steam, the quality of piping, the length of piping, the loss of pressure in fraction loss, the age
of temperature valve, the age of temperature transmitter like RTD, the surrounding of vessel and size
of vessel. This is affected the response of the controller mode, but for this experiment it achieves to
overcome the overshoot value and the rise time to make it faster with currently plant biodiesel in UTHM
condition.
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