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An identification of an industrial process is very necessary. An identification through a 
mapping chart analysis is conducted to obtain PID control parameters. The parameters 
of the PID controller are needed to adapt to changes in the process parameters that 
occur, and at the same time to re-tune the control parameters automatically. This 
paper discusses a program design that is created to describe the oscillation curve in an 
industrial process. After the oscillation curve is obtained, then the controller settings: 
P, PI, PID are tuned. The response curve of the results of the controller settings: P, PI, 
PID will result in overshoot. Overshoot will be eliminated mainly from the response 
curve of the results of the PI controller settings. 
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1. Introduction 
 

The existence of several physical events that change the process characteristics causes the 
stability of the system to be disrupted, so it is necessary to control the changes in the process 
parameters. So far, the type of controller that is widely used in the field of industrial control is the 
PID controller (Proportional, Integral and Differential) [1,2]. The PID controller is actually a 
conventional controller which, due to its relatively good condition and easy operation, is still widely 
used. The PID controller provides three kinds of control methods, namely: Proportional (P), Integral 
(I), Differential (D). In their operation, the three control parameters require good tuning, in order to 
provide a good and fast output response [3,4]. 

Many methods have been introduced to tune PID control parameters including the Rungge-Kutta 
method, however, in an industrial process to get good control performance in each industrial process 
when overshoot or oscillation occurs, often by the controller operators the control parameters are 
checked manually through the trial-and-error method. Every change in the process characteristics 
must be accompanied by a re-tuning of the control parameters [3,5]. The job of retuning the 
controller is a job that takes time and is very disruptive to the running process. For that we need a 
technique that is able to adapt to changes in process parameters that occur, and at the same time 
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re-tuning the control parameters automatically. This paper discusses a program to form an oscillation 
and reduction curve with a PID controller [2,6,7]. The design of this program must at least be in 
accordance with the dynamics of actual events in the field. The results of this program design are 
expected to be used for operator training in industrial processes when disturbances occur in the form 
of oscillations [4.8,9]. 

   
2. Literature Study  
2.1 Tuning of PID Controller to Create an Oscillation Curve 

 
The Kpu critical enhancement and the Tosc period that are determined by measurements or 

calculations[4,6] (see Figure 1). 
 

 
Fig 1. Continuous oscillations of the Tosc period 

 
The flow chart for making oscillation curves (heat exchanger data) [7-10] is in Figure 2. 
 

.

 
Fig. 2. Flow chart for creating an oscillation curve 

C(t)

t0

Tosc

Start

Determine epsilon

Set point r

delta_t

Process parameters :
  Ks = 1.34
  τ  = 4.2
  td = 1.5 

Values of control parameter :
   Kp = 2.982
   Ti = 99999
   Td = 0

Calculate :
a1 = 1/τ
beta0 = Ks*Kp*Td/τ
beta1 = (Ks*Kp/τ)-(Ks*Kp*Td/(τ2)) 
beta2 = (Ks*Kp*Td/(τ3))-(Ks*Kp/(τ2))+(Ks*Kp/(τ*Ti))

Initial condition :
  y1 = 0
  y2 = 0
  c = 0
  t = 0

Calculate :
N = round(td/delta t)

Matrix a and b to solve differential equation with 
Runge-Kutta method :

     a = [1/6  1/3  1/3  1/6]
  b = [0  0  0  0;0.5  0  0  0;0  0.5  0  0;0  0  1  0]   

A

Calculate :
for I = 1 : 1 : 11

S(I) = 0
end
while t < epsilon

x = S(N+1)
K(1) = delta_t*(y2+(beta1*(r-x)))
L(1) = delta_t*(-a1*y2+(beta2*(r-x)))
for i = 2 : 1 : 4
    K(i) = delta_t*((y2+b(i,1:i-1)*K(1:i-1))+(beta1*(r-x)))
    L(i) = delta_t*(-a1*(y2+b(i,1:i-1)*L(1:i-1))+(beta2*(r-x)
end
y1 = y1 + a*K’
y2 = y2 + a*L’
c = y1 + beta0*(r-x)
t = t + delta_t

M = N
for I = 1 : 1 : N

S(M+1) = S(M)
M = M-1

end
S(1) = c
v = [0 70 -10 130]
axis(v)
plot(t,x,’p’,t,r,’x’)
grid on
hold on
xlabel(‘t’)
ylabel(‘c(t)’)
end 

A

End
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2.2 Tuning of PID Controller Oscillation Curve 
 
Zigler and Nichols suggested tuning the parameter values of Kp, Ti, and Td based on the equation 

shown in Table 1 [6,10-12]. 
 

Table 1 
The Ziegler-Nichols tuning rules are based on on the 
strengthening of Kpu and the critical period of Tosc\ 

Types of Controllers  Kp Ti Td 
P 0,5Kpu

 
 0 

PI 0,45Kpu

 
 0 

PID 0,6Kpu

 
0,5Tosc 0,125Tosc

 

 
The flow chart for reducing the oscillation curve [13-16] as shown in Figure 3. 

 

 
Fig. 3. The program to reduce the oscillation curve 

¥

oscT2
1

Start

Determine epsilon

Set point r

delta_t

Process parameters :
  Ks = 1.34
  τ  = 4.2
  td = 1.5 

Initial condition :
  y1 = 0
  y2 = 0
  c = 0
  t = 0

Calculate :
N = round(td/delta t)

A

A

End

Values of :
  Kpu = 
  Tosc =

Switch With_Controller_Type
Case(‘P’)

Kp = 0.5*Kpu
Ti = 999999
Td = 0

Case(‘PI’)
Kp = 0.45*Kpu
Ti = (1/1.2)*Tosc
Td = 0

Case(‘PID’)
Kp = 0.6*Kpu
Ti = 0.5*Tosc
Td = 0.125*Tosc

end

Choose controller type :

Calculate :
a1 = 1/τ
beta0 = Ks*Kp*Td/τ
beta1 = (Ks*Kp/τ)-(Ks*Kp*Td/(τ2)) 
beta2 = (Ks*Kp*Td/(τ3))-(Ks*Kp/(τ2))+(Ks*Kp/(τ*Ti))

Matrix a and b to solve differential equation with 
Runge-Kutta method :

     a = [1/6  1/3  1/3  1/6]
  b = [0  0  0  0;0.5  0  0  0;0  0.5  0  0;0  0  1  0]   

Calculate :
for I = 1 : 1 : 11

S(I) = 0
end
while t < epsilon

x = S(N+1)
K(1) = delta_t*(y2+(beta1*(r-x)))
L(1) = delta_t*(-a1*y2+(beta2*(r-x)))
for i = 2 : 1 : 4
    K(i) = delta_t*((y2+b(i,1:i-1)*K(1:i-1))+(beta1*(r-x)))
    L(i) = delta_t*(-a1*(y2+b(i,1:i-1)*L(1:i-1))+(beta2*(r-x)
end
y1 = y1 + a*K’
y2 = y2 + a*L’
c = y1 + beta0*(r-x)
t = t + delta_t

M = N
for I = 1 : 1 : N

S(M+1) = S(M)
M = M-1

end
S(1) = c
v = [0 70 0 130];
axis(v);
plot(t,x,'x',t,r,'p')
grid on
hold on
xlabel('t')
ylabel('c(t)')
end 
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2.3 Elimination of Overshoots 
 
The response curve for a first order system with a time delay that has overshoot that can be 

eliminated [17-19] by setting the PI controller which can be derived as follows 

                                (1) 

 
with Eq. (1) becomes 
 

                (2) 

  
 is selected, Eq. (2) is obtained 

 

           (3) 

 
The Magnitude of the Eq. (3) is  

 

           (4) 

 
for  the Eq. (4) becomes  
 

                                 (5) 

 
The angle of the Eq. (5) is 

 

                                      (6) 

 
For  the Eq. (6) becomes 

 

                (7) 

 
The Eq. (7) is made into 

 

                        (8) 

or 
 

÷÷
ø

ö
çç
è

æ
+÷

÷
ø

ö
ç
ç
è

æ
+= - sts

p
d

i

e
s
K

sT
KsHsG

1
11)()(

t

,wjs =

dtjs

i

i
p e

j
K

Tj
TjKjHjG w

wtw
www -

÷÷
ø

ö
çç
è

æ
+÷÷

ø

ö
çç
è

æ +
=

1
1)()(

,t=iT

dtjsp e
j
KK

jHjG w

wt
ww -=

.
)()(

tw.
. sp KK

GH =

,cw w=

5,0
.
.

£=
twc
sp KK

GH

dtGH .
2

wp
--=Ð

,cww =

dc tGH .
2

wp
--=Ð

pwp
-=-- dc t.2



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 40, Issue 1 (2024) 154-163 

158 
 

                         (9) 

 
so that  

                        (10) 
 

                                (11) 

 

                                                                (12) 

 
For controller P 

 

                                 (13) 

or 
 

                                           (14) 

 
The magnitude of  
 

                              (15) 

 
The Equation of the Characteristics 
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with GB = Kp.Ks and so that the system does not give oscillations, then out of the Eq. (19) is obtained 
 

                              (20) 
 
or 
 

                                  (21) 

 
Figure 4 shows the relationship between GB and Ti as the border between the oscillating and non-

oscillating systems. 
 

 
Fig. 4. The relationship between GB and Ti the border between 
oscillating  and non-oscillating systems 

 
3. Results and Analysis  
3.1 Results 

 
The results of a program to describe a continuous oscillation curve on a heat exchanger with data 

as follows: Ks = 1.34, τ = 4.2, td = 1.5 minutes and prices: epsilon = 70.01, r = 70, delta_t = 0.2, and Kpu 
= 2.982 as shown in Figure 5 below. 
 

 
Fig. 5. The results of a continuous oscillation response curve program 
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The tuning of PID controller of the continuous oscillation response curve in Figure 5 above with 
the values: epsilon = 70.01, r = 70, delta_t = 0.2, Kpu = 2.982, Tosc = 6 minutes, and the controller 
tuning types selected are 'P', 'PI' , and 'PID'. Based on Table 2, it can be determined for the controller 
settings: 

 
• With the type of P  
Kp  = 0,5 . Kpu = 0,5 . 2,982 = 1,491 
Ti  = ∞ 
Td  = 0 
• With the type of PI  
Kp = 0,45 . Kpu = 0,45 . 2,982 = 1,3419 

  

Td  = 0 
• With the type of PID 
Kp = 0,6 . Kpu = 0,6 . 2,982 = 1,7892 
Ti = 0,5 .Tosi = 0,5 . 6 = 3 
Td = 0,125 . Tosi  = 0,125 . 6 = 0,75 
 
The results of the tuning type of the 'P' controller are shown in Figure 6, for the 'PI' controller 

type as shown in Figure 7, and for the 'PID' controller type as shown in Figure 8. 
 

 
Fig. 6. The tuning of continuous oscillation response curve of Figure 5 
for the controller type of 'P' 

 

 
Fig. 7. The tuning of continuous oscillation response curve of Figure 5 for 
the controller type of 'PI' 

56
2,1
1

2,1
1

=´== osii TT



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 40, Issue 1 (2024) 154-163 

161 
 

 
Fig. 8. The tuning of continuous oscillation response curve of Figure 5 
for the controller type of 'PID' 

 
The elimination of overshoot in Figure 7 is by determining the magnitudes of Kp, Ti and for Td = 0. 

To determine Kp and Ti  is by using Eq. (13) and Eq. (21). In which the price of the static amplifier K = 
1.34, τ = 4.2 minutes. So that the value of Kp is as follows: 

 

 

 
For the value of Kp the value of Kp = 0,3 is taken. The value of Ti can be sought as follows: 
 

 

 
By inputting the above values, then   
  

  

 
 
Or 
 

 
 
For the value of Ti, Ti  = 3,5 minutes  can be used. So for the simulation, the value of Kp = 0.3, Ti = 

3.5 minutes, and Td = 0. So that Figure 7 eliminates the overshoot, and the results are as shown in 
Figure 9. 
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Fig. 9. Response curve after being eliminated from Figure 7 

 
3.2 Analysis 

 
The results of the program design to produce a continuous oscillation curve on a heat exchanger 

with the data of Ks = 1.34, τ = 4.2, td = 1.5 minutes and the values of: epsilon = 70.01, r = 70, delta_t 
= 0.2, and Kpu = 2.982, Tosc = 6 minutes as shown in Figure 5. From the oscillation curve of Figure 5 
then the tuning of the P controller response curve is as shown in Figure 6, the tuning of the PI 
controller response curve is as shown in Figure 7, the tuning of the PID controller response curve is 
as shown in Figure 8. The Peak of Overshoot of the tuning results of the PI controller is as shown in 
Figure 7 which is at a time of tp = 3.80 minutes with c(tp) = 86.36oC, so that the percent of overshoot 

is  The result after eliminating the overshoot is as shown in 

Figure 9. 
 
4. Conclusion 

 
To produce an oscillation curve on a heat exchanger with a critical enhancement of Kpu = 2.982 

and a period of Tosc = 6 minutes. The overshoot that occurs in the PI controller tuning, the response 
curve is at time tp = 3.80 minutes with c(tp) = 86.36oC, so that the percent of overshoot is Mp = 
23.37%. After being eliminated there is no more overshoot. 
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