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Abstract— A system of two tanks in series is considered with water flowing in and out of each of the tanks. It is desired to control the 

temperature of the water flowing from the second tank by varying the flow rate of hot and cold streams flowing into the first tank. The 
second order system is approximated a first order system with time delay and the necessary transfer function for the process is 
formulated. A PID controller is installed to the hot water stream of the first tank. The process reaction curve is obtained experimentally 
by recording the % change in temperature of the water flowing from the second tank Vs time for a 15% valve opening. The key 
parameters required for controller tuning namely the proportional gain (K), time delay (α) and time constant (τ) are obtained from the 
process reaction curve. Using these parameters, the values of Kc, τI and τD are estimated by Ziegler-Nicholas (Z-N), Cohen-Coon (C-
C) and Integral time weighted Absolute Error (ITAE) and the Method of Moment tuning rules. The process flow sheet is constructed in 
ASPEN HYSYS and the PID controller response curves were obtained for a set point change of 700C to 650C and 650C to 700C. It was 
observed that with the parameters obtained using the Method of Moments, the tank reaches the set point very quickly with neither 
overshoot nor oscillations. Hence by using ASPEN HYSYS we could observe how the system responds to different tuning parameters 
and controller step changes. 
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I. INTRODUCTION 

A proportional integral derivative controller (PID) is control loop feedback mechanism widely used in industrial control systems. 

PID is a combination of proportional, integral and derivative actions that can provide all the desired performances of a closed loop 

system. Most modern PID controllers in industry are implemented in distributed control systems (DCS), programmable logic 
controllers (PLCs), or as a panel-mounted digital controller. PID temperature controllers are applied in industrial ovens, plastics 

injection machinery, hot-stamping machines and packing industry. In fact more than 95% of the industrial controllers are of PID 

type nowadays. Tuning the controller is the adjustment of the controller parameters such as proportional gain, integral gain and 
derivative rate to optimum values for a target response. Many classical methods were provided for PID controller tuning rules for 

various process models and different performance criteria. Ziegler-Nichols (1942) method was used for preliminary design of PID 
controllers. The alternative method was given by Cohen and Coon (1953) used for the estimating the control parameters. All tuning 

relations reported in literature are based on approximate plant models derived from the step response of the plant and the model of 

the process is First Order Process with Dead Time (FOPDT). In the present work, temperature control using a PID controller is 
considered for a system of two tanks with water flowing in and out of each of the tanks. The temperature of the water flowing from 
the second tank is controlled by flow rate of hot and cold streams flowing into the first tank. The controller response curves are 

compared using ASPEN HYSYS V8.0 for the estimated values of Kc, τI and τD using four different tuning rules namely Ziegler- 

Nicholas (Z-N), Cohen-Coon (C-C), Integral of Time weighted Absolute Error (ITAE) and the Method of Moments. 

 

II. MATERIALS AND METHODS 

A. EXPERIMENTAL SETUP 

The experimental setup shown in figure 1 consists of two tanks connected in series with water flowing in and out of each of the 
tanks. A hot water stream and a cold water stream, after undergoing mixing, are fed in to the first tank as a step input. The 
temperature of water flowing out of the second tank is controlled by varying the flow rate of the hot and cold water streams flowing 
into the first tank. The ASPEN HYSYS flow sheet of the process shown in figure 2 is constructed using the model library of the 
software. The required inputs for each of the blocks are given and the steady state simulation is performed before doing the dynamic 
simulation. The response of the PID controllers is studied in the dynamic simulation. Each tank has been provided with a controller 
to keep its liquid level constant. The cold water stream has a controller which maintains a constant combined water stream flow 
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rate. If the hot water valve opens, the cold water valve will close accordingly. The PID controller is attached to the hot water valve 
which is used to control the temperature of the water in the second  tank. 

 

 
Figure 1: Experimental setup 

 

 
Figure 2: ASPEN HYSYS Flowsheet 
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B. PROCESS REACTION CURVE 

In order to determine the tuning parameters for the PID controller, a process reaction curve [5] is to be obtained. The process 
reaction curve is obtained by disconnecting the controller from the valve and implementing a 15 % increase in the valve opening. 
The resulting response of the temperature of the water in the second tank is recorded. Thus the process is performed under open 
loop conditions so that the process response can be isolated as no control action occurs. Hence the process reaction curve is obtained 
as plot of % change in vessel temperature Vs time. The transfer function for the second order system is approximated as first order 
transfer function with time delay. tangent line is drawn at the inflexion point on the process reaction curve and the parameters 
required for controller tuning are estimated from the graph as K= 0.93, time delay (α) = 0.33 minutes and first order time constant 
(τ) i.e. the X axis value taken at 63.2% of Y axis reading  = 3.33 minutes. The process reaction curve with its key parameters is 
shown in figure 3. 
 

 
Figure 3: Process Reaction Curve 

 

C. TUNING RULES 

The method of moments can also be applied to determine the tuning parameters for PID Controllers. For a First order system with 
time delay, the various tuning parameters given in terms of the moments namely, mean and variance are given below. The various 
tuning rules are given in table 1 and the equations for the method of moments are given below.  

 
 

 
Table 1: Tuning Rules 
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III.RESULTS AND DISCUSSION 
A. Z- N METHOD 

Using the Z-N method, the foremost method used for calculating the controller parameters, the calculated values for Kc, τI and τD 

are 12.86, 0.66 minutes and 0.16 minutes. The response curve for a set point change of 700C to 650C and 650C to 700C shown in 

figure 4 shows a greater overshoot and the set point is reached after some oscillations. This method of closed loop tuning method 

is quite aggressive. A large overshoot from the set point may not be desired for many process situations. 

 

 
Figure 4: Response Curve for Z-N Method 

B. C-C METHOD 

The next method of tuning is cc method and is often used as an alternative to the Z-N Method. In this the step response is recorded 

as the output of the measuring element. Using the C-C method the calculated values for Kc, τI and τD are 14.56, 0.78 minutes and 

0.119 minutes respectively. The response curve for a set point change of 700C to 650C and 650C to 700C shown in figure 5 shows 

a lesser overshoot compared to Z-N method and the set point is reached after fewer oscillations compared to the Z-N tuning method. 

This method of tuning is also quite aggressive. C-C method gives a better response curve compared to the Z-N method in terms of 

reduced oscillations and less overshoot from the set point.  

 

 
Figure 5: Response Curve for C-C Method 

C. ITAE METHOD 

Using the ITAE method the calculated values for Kc,  τI and τD are 7.41, 4.26 minutes and 0.12 minutes respectively. The response 
curve for a set point change of 700C to 650C and 650 C to 700 C shown in figure 6 shows the least overshoot compared to Z-N and 
C-C methods and the set point is reached quickly without any oscillations. ITAE method is less aggressive compared to other two 
methods.  

 
Figure 6: Response Curve for ITAE Method 
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D. METHOD OF MOMENTS 
 

 

Using the latest tuning method, the Method of Moments developed by M.Ramasamy and S.Sundaramoothy [9], the calculated 
values for Kc, τI and τD are 0.9342, 3.20 minutes and 1.60 minutes respectively. The response curve for a set point change of 700C 
to 650C and 650C to 700C shown in figure 7 shows that no overshoot is seen and all the values lie within the set point which is 
reached quickly. In addition to this, no Oscillations are seen and a smooth transition occurs. Thus, clearly it can be seen that out of 
the four methods, the method of moments is the least objectionable and is less aggressive. 

 
Figure 7: Response Curve for Method of Moments 

IV.CONCLUSION 

The tuning parameters for a PID controller for a temperature control process were determined using different tuning methods. The 

response of the system to these tuning parameters and controller step changes were observed using ASPEN HYSYS. The tuning 

parameters found from these methods are often a starting point followed by manual tuning for better accuracy. Manual tuning 

allows the operator to modify the tuning parameters as is needed but often requires experience to know how to manipulate the 
controller correctly [6]. ASPEN HYSYS can be used to manipulate the tuning parameters and observe the response. Less aggressive 

methods like the Method of Moments is more suitable for controller tuning as the response curve indicates set point is reached 

quickly with no overshoot and oscillations. 
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