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Abstract: Control of the Steam Turbine at PLTU Tanjung Enim 3x10 MW through the use of Digital Electro-Hydraulic
(DEH), which plays a critical role in the functioning of the Steam Turbine generated. Because the current control
operates solely by manual loading adjustment by raising or reducing the PID percentage from DEH, it is essential to
analyze the input parameter values to improve the DEH PID control's sensitivity. The DEH control mechanism of
PLTU TE 3x10MW is divided into two modes: Valve Limiter and Load. At PLTU TE 3x10MW, the steam turbine
frequently experiences hunting (fluctuations) on the governor control valve, causing the turbine unit to become unstable
until shutdown or blackout. The DEH signal response to actuator stroking can generally operate according to the given
signal command with a signal density of 1/AT = 100,298 Hz and AY/AT = 781,016 ms. By analyzing the DEH system
in the unit and modeling it using Matlab, it is hoped that it will produce a PID control value that can be input into the
system based on the return signal from the actuator stroking level and the steam turbine speed at the time of loading,
thus enabling the control valve or governor to be more responsive and smoother in responding of Mining load changes,
either manually or automatically.

Index Terms: Digital Electro-Hydraulic, Governor, Control Valve, PID, Power Control, Speed Control.

1. Introduction

The governor is the piece of machinery responsible for regulating the speed and power of the turbine generator.
The governor also regulates the necessary speed and strength to ensure that the steam turbine continues functioning
normally. With the changes in the load and the fluctuating character of mine loading, a controller is needed to control
the governor so that it can work quickly and stably following the signal from the given Digital Electro-Hydraulic
(DEH).

As a result of this load change, the governor is expected to be able to provide fast performance and response so
that the system remains in a stable condition. With these needs, a control system is needed to regulate the governor at
PLTU Tanjung Enim 3x10MW, currently using DEH as the turbine governor system setting. This DEH signal is added
with a PID setting so that the output response from the actuator can respond according to the requested signal or
demand signal so that the steam needs to rotate the turbine can operate stably.
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The steam turbine used at the PLTU Tanjung Enim 3x10MW is a production from China, namely China
Changjiang Energy Corp., with the Condensing Turbine type. In the operation of this steam turbine, the DCS
(Distributed Control System) operator experienced several obstacles, including the slow response of the valve opening
or control valve when responding to the specified setpoint, so that in controlling the load, dangerous spikes were
causing the steam pressure setting in the main boiler to be disturbed. And often blow up steam. The use of DCS not
only effectively optimizes the control function and operation level of the power plant but also fulfills the real-time
balance of supply and demand then improves the rural power quality and operational efficiency[1].

Blow-up steam occurs when the load spike drops dramatically. PLTU Tanjung Enim 3x10MW is owned by Bukit
Asam which is located in Tanjung Enim, Muara Enim Regency, South Sumatra. Indonesia. Only mining loads for
PTBA or Captive Power are served by this PLTU while operational. In order to maintain a constant speed for the
turbine generator, it is necessary to adjust the rate at which the control valve rotates in response to the varying mine
loads. If this is not dealt with appropriately, the resulting damages will be much more severe. This may include power
outages or blackouts, damage to rotating equipment, particularly steam turbines, and a significant increase in raw water
and chemicals consumption. In the earlier research, the purpose of the DEH modifier on the steam turbine governor was
to regulate the frequency variation that was brought on by varying loads (load demand)[2,3].

The mine loading data show that the loading in the mine via the MSS1 and MSS2 feeders is highly unpredictable.
It can be seen by looking at the data. Therefore, to adapt the Digital Electro-Hydraulic (DEH) control to the loading, it
will be necessary to make adjustments. The steam turbine equipment will be directly affected by fluctuating loading if,
while it is operating, it cannot respond to sudden changes, which means that it can cause the unit's failure until the plant
a sudden blackout. The problem of hunting of control valves and hunting of speed is faced by many industries in the
past years and now they have sufficient knowledge about it but high vibration in the servo motor and servo cylinders is
new type for the plant. A vibrationtion level of 80-100 mm/s is a very high vibration and it is sufficient to break any
joint of the lube/hydraulic oil and final cause of the turbine trip[4].

In light of these circumstances, performing an analysis of the PID controller tuning is necessary. Specifically, it is
essential to tune the PID to determine whether or not the existing controller can still function steadily in response to
loading. Understanding the system's characteristics is necessary for designing and analyzing control systems[3]. This
final project research proposal will create the DEH Governor control turbine modeling in PLTU TE 3x10MW with
primary data that directly affects the turbine control valve performance response using MatLab software. Because of
these factors, it is anticipated that the modeling Digital Electro-Hydraulic (DEH) will be able to reset the PID parameter
to be more effective in responding to fluctuating mine loads. Adjusting the number of open valves is necessary for one
more modeling step, which consists of adjusting the amount of steam that enters the steam turbine to maintain a
consistent speed for the turbine rotor[5].

The controller will detect this speed increase, which will then take action to eliminate it. It is achieved by closing
the supply valve, reducing the turbine's energy supply. The controller will detect this speed increase, which will then
take action to eliminate it and accomplished by closing the supply valve, which reduces the amount of energy supplied
to the turbine[6,7]. The controller is responsible for minimizing the error signal, defined as the deviation between the
desired signal and the actual signal[8]. The purpose of modeling with this frequency variation is to ensure that the
rotational speed of the turbine rotor remains consistent[6,9].

Previous research was carried out by modeling the speed of the turbine because it is common knowledge that the
control system for the turbine is a closed loop system. When there is a change in load due to shaft loading or pressure
supply variations, the equilibrium between the amount of energy transferred to the turbine from the steam system and
the amount of work extracted from the turbine's shaft is disrupted[6]. In general, controlling a steam turbine entails
regulating the amount of incoming steam used to rotate the turbine blades, which is the driving force behind the electric
generator. The amount of steam admitted is determined by the load placed on the generator, and the speed of the turbine
is maintained by the generator's typical rate[10,11].

There is no requirement for the control system model of the entire series of regulators because, at present, the
whole of the closed-loop control system adjusts to the power output (load demand) of the generator generated by the
turbine. As a result, it is more efficient to control the position of the actuator (control valve) by the demand for
power[12,13]. In the actuator system on valve control, hydraulic oil from oil control and lubrication plays an essential
role in driving the servo cylinder connected to the actuator (secondary oil) and into the main hydraulic chamber
(primary oil). A current command signal (4-20mA) is converted into oil pressure by an I/H converter, which sets the
secondary oil pressure[12,5,14].

2. Methodology

2.1 Block Diagram

The block diagram depicts the relationship between the research's input, process, and output (see Fig. 1). Several
parameters for the steam turbine and the actuator control are taken in the input section. In addition, the MatLab-
Simulink software will be used to carry out the modeling process between the input and output relationships of the
steam turbine generator. In addition to reviewing the relevant literature, mathematical modeling employing linear
differential equations and Laplace transformations were also carried out. The performance analysis of the governor
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excitation system response in the time domain, which includes fault analysis and transition analysis, is the observed
parameter [2].

EEE W

Fig. 1. Diagram of the Research Process

2.2 Data collection

The process of collecting data and obtaining information was carried out so that the research could meet its goals
and be successful. At the PLTU Tanjung Enim 3x10MW, the data collection technique involved interviewing people
and observing their behavior. The interview method is carried out in collaboration with the supervisor; this is connected
to the utilization of linear differential equations and Laplace transformations, both of which will be applied to the
modeling of turbine DEH.

The observation method is a method that collects data on DEH Turbines and the data that support them, such as
data on pressure, temperature, and the amount of flow, among other data. The information was collected from
manufacturing datasheets and actual data collected in the field, contributing some literacy to the research process.

2.3 Observed variables

The response time of the DEH control in speed mode and power mode to the turbine's governor valve is the
observed variable data in this study. The PID controller tuning value on the PLTU Tanjung Enim 3x10MW steam
turbine is closely related to the control response.

2.4 Data Analysis Methodology

The approach that was taken was quantitative analysis. Because the purpose of this study is to relate several
mathematical equations that are used to the current PID value input in the DEH parameter for further data analysis and
PID tuning simulation using MatLab-Simulink R2022a software, this method was chosen.

2.5 Literary analysis

The implementation of this DEH control has the potential to enhance the performance of the steam turbine. This
enhancement can come about due to improved equipment safety and increased steam utilization efficiency in response
to load demand. Following the discussion of the function, principle, and parameter turn method of valve control, the
final step consists of obtaining the characteristic flow curve of the valve when it is in sequence valve mode. The Digital
Electro-Hydraulic Control System consists of several essential components, one of which is valve management. It has a
direct bearing on the unit's operation's security and financial viability[5]. By employing a position control system based
on an electro-hydraulic actuator (EHA), the speed ratio could be tuned continuously to keep the generator at rated
speed[15]. The MatLab Simulink is a software package for modeling, simulating, and analyzing dynamical systems.
The above EHTC system is modeled using block sets of Simulink, controller is designed for Speed and active power
control of Turbine and exact results are obtained by simulation of EHTC systems. Designing of Electro Hydraulic
Convertor (EHC), PID controller and Scope of study of EHTC system are some of the features of this modeling
works[16,17]

Control with auto tune system on MatLab R2010a with sisotool function, the most suitable type of controller is PI
control using the Integral Square Error (ISE) method. Control with auto tune system on MatLab R2010a. The outcomes
of utilizing this turbine control system and control valve result in an overshoot value of no higher than 11 percent and
better response characteristics[3]. Some of the controllers that have been developed are fuzzy controller, adaptive robust
controller, feedback linearize-based controller, robust contact task controller, fault-tolerant controller etc. In order to
design an advanced controller with the ability to immune the system’s weaknesses, a proper development of system
modeling is a must. Hydraulic actuator system modeling can be based on two methods which are system physical law
and system identification method[18].

The control system works according to the electro- hydraulic principle. The control variables for the valve
positions (strokes) are electric signals, which are converted into hydraulic forces by electro-hydraulic converters[19].
Using fuzzy inference, the system fault modes are ranked according to their risk level. Then, the condition characteristic
parameters are extracted according to the pivot fault modes. Using the extracted characteristic parameters, an
information fusion method based on evidence theory is put forward to evaluate the system’s condition. It is shown by
the instance that this method is feasible and effective and the condition analysis results can be used as a support for next
maintenance decisions[20]. Compared with the finite-time control method, the hydraulic turbine governing system
under the fixed-time controllers has more advantages: better robustness, fast response ability, and the setting time to
reach the stable state being regardless of the initial state. Finally, the effectiveness and superiority of the proposed
control method are verified by the simulation results[21].
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Controlling the turbine's speed is necessary to achieve and sustain a stable frequency value. The responsiveness of
the governor valve opening needs to be well maintained because of the significant influence of the direct relationship
between the turbine's rotational speed and the position of the governor actuator. The dynamic reaction of the steam
turbine is primarily influenced by two factors: the storage auction in the re-heater and the entrained steam that is
introduced into the high-pressure zone of the turbine. Both of these actions take place in the high-pressure area of the
turbine. When a turbine-load unit has been connected and synchronized to the grid, the speed of the turbine cannot be
adjusted; however, the speed set point can be changed. If the speed set point is increased, the valve will open, leading to
an increase in load. On the other hand, if the reference is decreased, the valve will close, resulting in a reduced load.
This decrease in load will be due to the decreased load[6]. The mechanical hydraulic governor, electro hydraulic PID
governor, electro-hydraulic Pl governor and Enhanced governor are evaluated one by one to find the best response in
controlling frequency when disturbance occurs. The load variations from 10% to 50% both addition and reduction are
tested for every governor. This study will assists in selecting a particular governor for isolated mode, interconnected
mode as well as for islanding mode of operation in distributed generation[22].

The general non-linear hydraulic turbine model has been given. This model is suitable for dynamic studies of
hydro power plant. Severe disturbances are examined on dynamic model of power plants and power systems. Result
shows sufficient accuracy of the model for the whole working range. The current turbine model with minor refinements
will improve accuracy over the entire operating range[23].

The Model Predictive Control (MPC) method can be applied to several different PID tuning techniques in addition
to the Ziegler Nichols method. The results of a simulation run in MatLab show that the MPC method, when applied to a
single reheat turbine system, has a lower overshoot value and faster responsiveness compared to both traditional PID
and fuzzy PID. Compared to the conventional PID and the fuzzy PID, the results of the simulations carried out in
MATLAB indicate that the proposed MPC has the potential to improve resilience, in addition to having a minimal
overshoot and a quick response. When it comes to regulating the speed of the turbines, the better the outcome is for the
plant, the faster the answer to maintaining the research stability, the better[10]. In the steam turbine control, the back
pressure control of the governor has been found to have a more significant positive damping value on the grid network
when compared to the other three modes[24]. The use of the Proportional-Integral-Derivative (PID) based control in
speed governors is now gaining popularity because of the simplicity and flexibility. This research work makes an effort
to analyze the behavior of the PID vs PI (Proportional-Integral) controllers; for speed governor operation of grid
connected MHPP, deploying synchronous generator, under the influence of a electrical disturbance; to identify more
suitable controller from the regulation point of view. The dynamic performance of the proposed controllers for speed
governor function is fully validated through digital simulations carried out using MATLAB/Simulink software
package[25].

Although the existing servo and actuator system models can fulfill the simulation requirements when the valve is
subjected to a straightforward fault, the model demonstrates significant inaccuracies when it is put through tests where
the disturbance is of a considerable magnitude. The piezoelectric linear model of the actuator, which incorporates both
the primary and supplementary opening and closing time constants, contributes to an increase in the practicability of
this model. This model is flexible enough to accommodate circumstances where the valve is not linear[26]. Controlling
the flow rate of steam entering the turbine using DCS PID tuning should be the focus of your PID tuning efforts. This
should be done to ensure that the steam consumption of the load, also known as load demand, is in line with the
manufacturing design. When a PID controller is used for control, the frequency can be reduced to less than 5 percent
while simultaneously increasing the speed and stability with which one can achieve an almost identical steady
state[8,27].

The purpose of the parameters Kp, Ti, and Td on the PID control response is to provide an action that can make up
for the deficiencies of each P, I, and D controller. This helps speed up system reactions, eliminate offsets, and get extra
energy at the beginning of load changes or setpoint value changes[28]. The capability to simulate the characteristics of
the control valve response when operated through modeling is a digital instrument in the analysis of interactions in a
closed loop control that can reduce the value of the decline in steam turbine performance. This can be achieved by
modeling the ability to simulate these characteristics[12].

When it comes to performance, governors that do not use the PID control system have a slower response time
when dealing with error values. When the Reference Adaptive Control Model (MRAC) is used in conjunction with the
Lyapunov stability theory, it is possible to reduce the overshoot and undershoot values. This is especially true for plants
that do not make use of the Governor Dead Band (GDB) parameter[2,14].

2.6 The modeling of a DEH (Digital Electro-Hydraulic) control system

A non-reheat turbine PID setting model was utilized in the process of responding to changes in the generator load
at the PLTU Tanjung Enim 3x10 MW (see Fig. 2)[2,29]. In this modeling research, the focus is on tuning the PID DEH
in response to changes in load so that the system can maintain its stability in terms of speed or frequency.
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Fig. 2. Non-Reheat Turbine Block Diagram

A general Digital Electro-Hydraulic (DEH) block diagram (see Fig. 3). This diagram includes the Electro-
Hydraulic Converter component, which transforms a 4-20mA signal into a change in actuator motion by varying the
amount of hydraulic oil pressure[29].
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Fig. 3. DEH Control block diagram

Some parameters need to be figured out to use PID control. These parameters are Kp, Ki, and Kd, which in the
previous study's parameters were also simplified (see Fig. 4) with the parameters Kp, ti, and td. The proportional
controller has a component denoted by the letter kp, the integrator controller has a part indicated by the letter ti, and the
differential controller represented by the letter Td[27].

R(s) + E 1 U(s) Kk @)
T;5 @, 2 w,,

_T ,t

Fig. 4. Block Diagram for the Governor's PID Controller

-
Kp =— 1)
Ti=1 2
Gain = % (3)

Within the system are a few orders, the most important of which are the system of order 1, order 2, and orders
more than 2. Each order contains a different set of parameters that make up the system. There are parameters for order
1, which can be found in (6), and there are parameters for order 2 or higher, which can be found in (7).

Parameter K, t (4):
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K
Ts+1 (4)
Parameter K, &, o, (5):
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Determine Kp, i, td (6,7,8):
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7d = Ton (7
2R
Kp " oK (8)

In a simulation experiment with the existing system in the PLTU Tanjung Enim plant (see Fig. 5), which is an
estimation model using PID with the Ziegler Nichols tuning method[30].

Governor Hydraulic Actuator
DEH Signal Discrete PID Controller y

r N o) | 0.019442® 4 0.60052* — 1.014z + 0.5188 N
; 7 —2.0562° + 1.1862% 4 0.177z — 0.3061 D

‘ »

Load Position
Fig. 5. Estimation of the transfer function model of a turbine system[30]

The PID control parameters for the DEH turbine's power and speed (see table.1). The table data consists of the
information currently stored in the DEH input settings at the DCS PLTU Tanjung Enim 3x10MW.

Table 1. DEH Turbine Data and PID Parameters

Description Value
Turbine Manufacturer China Changjiang Energy Corp
Model: N12-4.9/475
Impulse and Condensing Turbine
Pressure Initial 4.9Mpa

Temperature Initial 475°C
Rated Power 12 MW
Rated speed 3000 rpm
Rated Steam Flow 50.8 t/h
Rated Exhaust Pressure 0.009Mpa
The temperature of Cooling water 30°C

Governing System
Power Mode PID

Speed Mode PID

Digital Electro-Hydraulic (DEH)
Proportional (P) = 180

Integral (1) =50

Differential (D) =1.50
Proportional (P) = 35

Integral (1) =30

Differential (D) =0.50

2.7 Method of Root Locus

The root locus and step response values can be seen using Matlab when using the discrete transfer function for the

turbine operating model (see Fig.6).
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Fig. 6. The origin of the transfer function model's root locus

The findings obtained from the model's step response transfer function (see Fig.7).
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Fig. 7. Step model input response

2.8 Simulink modeling in MatLab

Modeling with MatLab Simulink and running a constant signal test to see how the DEH system at PLTU Tanjung
Enim 3x10MW responds. The DEH system modeling to analyze the actuator response to changes in loading and speed

(see Fig. 8).

Electro-Hydraulic Converter
Command
Signal w y2
pl Y ¥ 7 > L >
gnal 1 P+ 76 \r ul yi P u y > D

Transport i izati Cmd
Controller p Linearization m

Delay 1O points Hydraulic Load

Actuator Position

Fig. 8. Digital Hydraulic Actuator Controller with Simulink Real-Time Control

The conditions in the field at the start of the turbine are simulated model using a cold start-up procedure. Based on
predetermined speed parameters, The percentage of signal and turbine governor valve opening data (see Table. 2).
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Table 2. DEH signal table for Governor Turbine Valve Opening No.3

Level of Governor

Percentage of DEH Speed
Signal (%) Va'(‘(’)‘fl'%g;f)“re (Rpm)

1.2 0 500

12.3 12 1000

12.3 12 1500

12.3 12 2400

115 11 2600

12.3 11 2800

22.1 22 3000

When the DEH signal is set to 0%, the actuator valve opens by 1.2 percent with a turbine speed of 500 rpm (see
Fig. 9).
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Fig. 9. Graph of DEH Signal vs. Turbine Rotation

The input signal is a digital signal with an upward sloping condition (see Fig. 10). The signal block builder shows
that the signal is a digital signal from the DEH Module to close and open the Governor actuator with a good response
time and a controller.

N Signal Builder (HADC/DEH Signal) - ] X
File Edit Group Signal Axes Help N
OE 4 2R o |(—T 0 0SS B 0| 4n &R

Active Group: | |Group 1 ~| | E = =

Signal 1

Time (sec)

1 Signal 1 A

Mame: |Signal 1

Index: 1 ~

* |5\gna|1 @#1) [YMin YMax ]

Fig. 10. DEH Signal Builder Block
3. Result and Discussion

3.1 Real-time Modeling Testing

This test is carried out by estimating the response of the Governor Actuator given to the controller to the given
command using model estimates. The hydraulic response of the actuator can reach the setpoint of the DEH controller
input or command signal (see Fig. 11). The following test graph depicts some of the results of the performance test
modeling.
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Fig. 11. Real-time model simulation

The hydraulic responsiveness of the actuator can follow the DEH signal, The graph of test results (see Fig. 11).
When the DEH signal gives the order to rise at a stroke level of 0.2 m or 20 cm, the hydraulic output of the actuator
follows well. The density of the DEH command signal and the actuator output signal approaches are linear (see Table.
3). The enlargement of the graph of the model test results (see Fig. 12).

Table 3. Actuator signal timing and frequency measurement data

No. Measuring point . Measurement
Time (T) Value (Y)
1 4.380 1.451e-01
2 4.390 1.451e-01

AT=9970ms AY =7.787e-06
1/AT =100.298 Hz
AY/AT =781.016 ms
Overshoot/Undershoot = --

Ry Saie based T+10300

Fig. 12. Graph of the frequency magnification of the actuator signal

3.2 Information Evaluated and Analyzed Hydraulic Actuator

The response signal (command signal) about the hydraulic oil pressure and turbine actuator valve opening (see Fig.
13). The pressure through orifice A (side A) and orifice B (side B) on the electro-hydraulic converter experiences the
exact change in the oil pressure graph when the solenoid's response to the given signal varies. The orifice size affects
the stroke of the actuator valve to close or open, allowing steam to enter and rotate the turbine blades.
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Fig. 13. Actuator Hydraulic Response Graph

3.3 Evaluated and Analyzed Information Hydraulic oil supply source pressure

The signal results for changes in the hydraulic oil source entering the actuator chamber are depicted (see Fig. 14).
The graph shows that the hydraulic oil source pressure remains linear, indicating that changes in the process's input and
output signals do not affect the oil pressure source, in this case as oil control or impulse oil entering the Electro-
hydraulic converter.
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Fig. 14. Oil Pressure Distribution Graph

3.4 Evaluated and Analyzed Sensor Feedback Information

The form of the model, and the results of the test graph of the signal supplied to the feedback sensor that returns
the command signal (see Fig. 15). This will impact the stability of the turbine's rotation in response to load changes. It
takes 0.137 m/s and 0.99 seconds to achieve a stroke length of 0.08 meters.

02

Time (s)

10 Volume 14 (2022), Issue 6



Digital Electro-Hydraulic (DEH) Modeling as a Steam Turbine Governor Control at
PLTU Tanjung Enim 3x10MW Using MatLab

v

Time (s)

Fig. 15. Graph of signal feedback

3.5 Actuator for evaluating and analyzing data from load stem valves

The hydraulic actuator valve opening is also affected by the weight of the actuator stem valve; this will affect the
actuator's response performance if the importance of the mass coupled with the actuator exceeds its tensile strength. The
graphically demonstrates that the valve actuator's response can lift the 8.4 kg load from the stem valve (see Fig. 16).
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Fig. 16. Graph of signal feedback on pull load speed for the valve actuator
4. Conclusion

The design of the DEH model as a steam turbine governor control simulation model in the PLTU Tanjung Enim
3x10MW has been completed successfully. This modeling can be used to approach or fine-tune governor settings. The
following conclusion can be drawn from the results of modeling experiments that have been conducted:

1. The transfer function model used to identify the existing steam turbine process is used to use it as the basis for
tuning the control.

2. APID setting with the root locus method may be employed as the controller.

3. This modeling can be used to determine DEH parameters such as hydraulic oil pressure and the turbine
actuator stroking opening size.
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4. With a signal density of 1/ AT = 100,298 Hz and AY/AT = 781,010 ms, the DEH signal response to actuator
stroking can generally operate by the specified signal command.

5. As depicted (see Fig. 9), the controller's governor response needs completion or adjustment. At the DEH 0

percent command, the valve actuator opens, and the valve should be closed. In the sealed command condition,

the turbine rotation reaches 500 rpm, or 0%, as shown in the graph.

Including all additional parameters is required to achieve the best possible result value with this modeling.

7. With the aid of this model, the engineering team of PT BEST, as the O&M (Operation & Maintenance) of the
PLTU Tanjung Enim 3x10MW, can perform engineering before the stroke calibration.

8. For future research, it is possible to fine tune the PID Digital Electro-Hydraulic (DEH) based on the model
reference made by using Matlab Software.

e
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