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Tuning of PID Controllers in Both Open 
and Closed Loop Control Systems  

8.1 Objectives 
As a result of studying this chapter, and after having completed the relevant exercises, the 

student should be able to: 
• Apply the procedures for open and closed loop tuning; 
• Calculate the tuning constants according to Ziegler & Nichols and according to 

Pessen. 
• Demonstrate how to perform fine-tuning of closed loop control systems.   

8.2 Objectives of tuning 
There are often many and sometimes contradictory objectives, when tuning a controller in a 
closed loop control system.  The following list contains the most important objectives for 
tuning of a controller: 
Minimization of the integral of the error 
The objective here is to keep the area enclosed by the two curves, the SP and PV trends; to a 
minimum.  
 
This is the aim of tuning, using the methods developed by Ziegler and Nichols as illustrated 
in Figure 8.1. 
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Figure 8.1 
Integral on error 

Minimization of the integral of the error squared 
As Figure 8.2 shows, it is possible to have a small area of error but an unacceptable deviation 
of PV from SP for a start time.  In such cases special weight must be given to the magnitude 
of the deviation of PV from SP. Since the weight given is proportional to the magnitude of 
the deviation, the weight is multiplied by the error.  This gives us error squared (error 
squared = error x weight).  Many modern controllers with automatic and continuous tuning 
work on this basis. 

 

 
 

Figure 8.2 
Integral on error square 

Fast control 
In most cases fast control is a principle requirement from an operational point of view, 
however this is principally achieved by operating the controller with a high gain, this quite 
often resulting in instability, or prolonged settling times from the effects of process 
disturbances. Careful balances need to be obtained between the Proportional or( KC) function 
and the settings of the Integral and particularly  the Derivative time constants TINT and TDER 
respectively. 
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Minimum wear and tear of controlled equipment 
A valve or servo system for instance should not be moved unnecessarily frequently, fast or 
into extreme positions. In particular, the effects of noise, excessive process disturbances and 
unrealistically fast controls have to be considered here.  
 
Continual “hunting” of the PV against the SP can result in a proportion of this, the 
magnitude depending on the controller gain, appearing on the controller's output.  This, in 
many cases, can cause the driven actuator to “vibrate” and this is quite often misconstrued as 
being caused by “noise” when in fact it is caused by the gain of the controller, and as such 
the entire loop, being set too high in an attempt to “speed-up” the response to the process 
(see 8.2.1). 
No overshoot at start up 
The most critical time for overshoot is the time of start up of a system.  If we control an open 
tank, we do not want the tank to overflow as a result of overshoot of the level.  More 
dramatically, if we have a closed tank, we do not want the tank to burst.  Similar 
considerations exist everywhere, where danger of some sort exists.  A situation of a tank 
having a maximum permissible pressure that may not be exceeded under any circumstances 
is an example here. 

 
 Note: 
 Start Up is not the equivalent of a change of Setpoint. 

Minimizing the effect of known disturbances 
If we can measure disturbances, we may have a chance to control these before the effect of 
them becomes apparent. See Feed Forward Control for an example of an approach to this 
problem. 

8.3 Reaction curve method (Ziegler Nichols) 
The reaction curve method of tuning relies on making a step change to the output of a 
controller and recording the process response.  This method can be considered as an OPEN 
LOOP approach, as the controller is NOT used in any way except for changing the OP value 
(in Manual Mode) to give the process the required step-change to the MV.  

 
 The criteria we need to record are: 

• The Effective LAG, or how long after the step change is made does a 
noticeable change occur in the PV. 

• The process reaction time, or the maximum rate-of-change  that occurs as 
represented by change in the PV value. 

• The time taken for the PV to reach 63.2% of its maximum value. 
 

There are many variances of this tuning method; all utilizing the results from this reaction 
curve record.  Three of the most common are discussed following the next section on how to 
generate a record of a systems reaction time. 

8.3.1 The procedure to obtain an OPEN LOOP reaction curve 

Recording the PV response 
Connect some form of recorder to the input (PV) signal to the controller. The recorder 
should ideally be capable of displaying 2 channels of information, the PV from the system 
into the controller, and the SP movement of the controller.  
 
The record has to be plotted against a 0 to 100% PV Vertical scale and a reasonably fast 
Horizontal scale calibrated in minutes and FRACTIONS of minutes (not seconds). The 
vertical scale should be adjustable if using a paper strip recorder, so that the resultant change 
of the PV value covers a big a span as possible across the chart, this being required for 
measurement accuracy. 
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Controller mode 
Place the controller in MANUAL MODE, this will ensure that we have an open loop in which 
the controller's action has no influence whatsoever when the PV value moves.  This is 
because we are not interested in the controller's behavior, but only in the process's reaction 
characteristics. 
Changing the process 
When we make a step change to the output value of the controller, an appropriate reaction 
from the process will occur, appearing as a change-in-time of the PV value.  This is the 
reaction characteristic of the process (see Figure 8.3).  
 
We must have enough process knowledge to know by how much we can change the output 
value of the controller without danger to the process itself. 

 

Figure 8.3 
Ziegler - Nichols reaction curve 

Obtaining and analyzing the reaction curve 
Observe the record of the reaction of the process.  The plot we require is shown in Figure 
8.3, where we can observe and measure the indicated parameters that are required to enable 
calculation of the P, I and D components of the controller; these being some or all of the 
ones listed below depending on which analysis method you select to use. 
 
The point-in-time when the SP value was changed (the amount of this change is NOT 
important, it should be as large as possible as long as the process is NOT adversely effected 
by magnitude of the change). 
 
The time (in minutes and fractions of minutes) that elapses before a NOTICEABLE change 
is seen in the PV; this being measured as L or Effective Lag. 

 
 The point of Inflection (POI) on the PV curve. 

 
The point where the PV has changed by 63.2% (which is NOT necessarily the POI) to enable 
calculation of the LTC (Loop Time Constant. 
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We cannot calculate the tuning constants before we have analyzed the curve using a few 
common-sense considerations. The effective lag time (L) will be the principle effect and 
component of the Integral time (TINT) value. The slope, or rate-of-change of the process, (N), 
will be the  major factor influencing the controller gain setting, KC, as it represents the gain 
or sensitivity of the process itself. 
 
This leaves the derivative time constant to be determined (TDER) and as this is introduced to 
correct the destabilizing effect of the Integral action, a relationship between TDER and TINT 
must exist. 
 
Ziegler and Nichols have derived formulas for optimum tuning, that takes into account, and 
relates the P, I and D values to each other. The optimum tuning obtained with these formulas 
is aimed at minimizing the integral of the error term (minimum area of error).  
 
It does not take into account the magnitude of the error. Optimum tuning constants are 
invariably based on processes with a small dead time and a first order lag. 
 
As mentioned at the beginning of this section, there are three variations to this tuning 
method, sections 8.4, 8.5 and 8.6 describe each of these in detail. 

8.4 Ziegler Nichols open loop tuning method (1) 

 

Figure 8.4 
Ziegler-Nichols open loop tuning method (1) using rate-of-change (N)  and effective lag (L) values 

From Figure 8.4, we have to derive a value for the effective Lag (L); the time taken in 
decimal minutes until a noticeable rate of change is observed; and a value of N (the slope of 
the PV at the point of maximum-rate-of change). 
 
From these two values we can calculate the tuning constants for P, PI and PID controllers 
according to the following Ziegler-Nichols formulae. 
Ziegler Nichols  P control algorithm 
Note that we obtain different tuning constants with the different combinations of control 
modes; and that a relationship exists between them that is echoed through the different 
modes shown here. 

min L x N%/min
OP% =   Kc      Control P  

 

8.4.1 Ziegler Nichols PI control algorithm 
If we need to have integral action, the gain of the controller is reduced by 10% and the 
integral time constant; introduced to help eliminate the “offset” value between the SP and 
PV in the ERR term;  is set at 3 times the lag period (L in mins.) As the Integral output is 
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summed with the Proportional output contained within the controller gain, Kc can be 
reduced slightly, making the loop more stable.  The loss in output resulting from this is 
gradually made up, in the integral time TINT, by the integral action. 

 
(mins.) L x 3 =Tint 

  
min L x N%/min

OP% x 9.0 = Kc     Control PI

 

8.4.2 Ziegler Nichols  PID  control algorithm 
Next, if we need to introduce some help in stabilizing the loop we introduce the derivative 
control.  In doing this we see that the controller gain is increased by 20%.  The integral time 
is made 33% faster (or shorter) and the derivative time constant is four times faster, or 
shorter, than the Integral time.   

 
 Put another way, the relationship between TINT and TDER is 4:1.  

  

 
(mins.) L x 0.5 = Tder

(mins.) L x  2 =Tint 
min L x N%/min

OP% x .21 = Kc        Control PID

 

8.4.3 Examples of Ziegler Nichols P, I and D open loop control algorithms 
If we substitute the following values: 
OP% = DOP = 12.5% 
N = 35% per minute 
L = 0.65 Minutes. 
 
The Settings for P, I and D can be summarized as follows: 
 
MODE KC TINT TDER 
 

P  549.0
75.22
5.12

65.035
5.12

==
×

 ---- ---- 

 

PI 495.0
22.75
12.5 0.9 

0.6535
12.50.9 =×=
×

×  (Mins) 1.95 = 0.653 ×  ---- 

 

PID 659.0
22.75
12.51.2 

0.6535
12.52.1 =×=
×

×  (Mins) 1.3 = 0.652 ×

 (Mins) 0.325 = 0.65 0.5 ×  

8.5 Ziegler-Nichols open loop method (2) using POI 
This version or method of deriving the Gain, Integral and Derivative times uses the same 
response curve but which is made in a slightly different manner to the previous example.  

 
 It is used where the process is controlled by a valve.  
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To obtain the process curve, the following procedure is used: 
• Bring the process to a desired setpoint on MANUAL control. 
• Change the VALVE POSITION a small amount, (%)VΔ , The change 

should be large enough to produce a measurable response in the process, but 
not large enough to drive the process beyond normal operating range. A 5% 
valve change is a good starting point. 

• Measure (%)CΔ  and L on the process response curve. 
 

The POI (Point of Inflection) is determined on the PV curve (Point of Maximum-rate-of-
change) and a tangential line is drawn through this, down through the horizontal axis and on 
until it crosses the vertical axis.  (The time when the SP value was changed) (see Figure 8.5). 

 

 
 

Figure 8.5 
Zeigler- Nichols Open Loop Tuning Method (2) Using POI on the PV Curve 

From this can be calculated the following constants PGU and TU : 
 

C
V

PGu
Δ

Δ×
=

)(2
 and  LTu 4=  

 
 
Controller settings are determined from Table 8.1: 
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Table 8.1 
Controller settings 

 
 

 Note:  
 The settings for a PD controller do NOT originate from the original Ziegler-Nichols paper. 

It should be noted that a similar relationship of gain and integral / derivative times exists 
between this method and the previous one. 

  
 That is: 

The gain KC in P mode =0.5, in PI Mode = 0.45 and PID = 0.6 or the gain ratio’s relate as 1 
to 0.9 to 1.2. 

  
 In PID Mode the ratio of TINT to TDER is again 4:1 (0.5 : 0.125). 

 
Using this method, the Slope or Rate-of-Change is quite often much easier to evaluate from a 
recorded chart. 

8.6 Loop time constant (LTC) method 
This method of tuning, as in the previous two examples, makes use of the reaction curve and 
is applicable when the system has a first order lag response as defined by a linear first order 
differential equation 

 
 This equation is expressed as: 

  Krc
dt
dc

=+τ                   OR               r  

dt
d

K

τ+1
 c 

where: 
c = output 
r = input 
K = gain 
τ = time constant 
 

Inspection of a first order response curve will show that it is always falling off.  i.e. the rate 
of response is at maximum in the very beginning and is continuously decreasing from that 
time onward.  If the system continued to change at its maximum response rate, the rate that 
occurs at the origin, it would reach its final value (100%) in one time constant (TINT time). 

 
Controller 

Proportional 
only 

Proportional 
Integral 

Proportional 
(Derivative 
note 
below) 

Proportional 
Integral 
Derivative 

Gain KC 0.5 PGU 0.45 PGU 0.71 PGU 0.6 PGU 
Integral Time TINT  0.83TU  0.5 TU 
Derivative Time TDER  0.51 TU 0.125 TU 
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Figure 8.6 
Response of a first order lag to a step input 

Figure 8.6 illustrates a first order curve, derived from a step input.  This curve gives 
numerical values to the change, and in the first period of time (in our case the Integral time 
constant set by TINT) the change equals 63.2%. In the second time period 63.2% of the 
remaining 36.8% will take place, and so on in every time interval.  Theoretically the 
response never reaches 100%, but it does approach it asymptotically. 
 
By measuring both the Loop Deadtime and the loop time constant, the time from a 
noticeable change in the PV value to the time (in minutes) that a value of 63.2% is reached 
as shown in Figure 8.7 the following can be determined: 

PG = 1/PG (Open Loop) 
IG = LTC 
DG = 0.25 x IG 
 

 
 

Figure 8.7 
First order lag response curve 
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8.7 Hysteresis problems that may be encountered in open loop 
 tuning 

In the real operational world it is good practice to perform open-loop tuning with as big a 
step as possible, over the normal operating range, and in both directions, i.e. after making 
say a 20% STEP UP and recording the systems response, return the output back to its 
original starting value and again record the systems reaction response.  
 
In most systems the incremental and decremental responses will be different. If this 
difference is only a few percent (< 5% to 6%); take the average values of the two recordings 
and apply the results to the tuning algorithms being used.  
 
If the differences are large, then tuning to either response can lead to instability or poor 
control when the process responds to the other response that was NOT used for tuning.  Re-
engineering of the process system itself, or introduction of corrective algorithms, will be 
required in order to reduce the hysteresis to an acceptable level. An example of one method 
to correct this problem is illustrated in Chapter 11; where correcting the time difference 
between heating and cooling a boiler is discussed.  

 
 The PID controller itself cannot be set or tuned to alleviate this type of problem. 

8.8 Continuous cycling method (Ziegler Nichols) 
This method of tuning requires that we determine the critical value of controller Gain (KC) 
that will produce a continuous oscillation of a control loop. This will occur when the total 
loop gain (KLOOP) is equal to one. The controller gain value (KC) then becomes known as the 
Ultimate gain (KU). 
 
Chapter 5, sections 5.5 and 5.5.1, describe the requirements needed for a system to be 
considered stable. 
 
We have to remember here that the loop is made up of several component parts, all of which 
contribute to the total gain of the loop (KLOOP), and the only one that we can adjust is 
normally the controller’s gain (KC). 

 
 If we consider a basic liquid flow control loop utilizing: 

1. A venturi flow meter with a 4-20 mA. Output feeding  
2. A PID controller with in turn has a 4-20 mA.  Output that feeds  
3. A valve actuator that in turn varies the flow rate of 
4. The process. 
 

When the product of the gains of all of four of these component parts equals one, the system 
will become unstable when a process disturbance occurs  (a set-point change).  It will 
oscillate at its natural frequency which is determined by the process lag and response time, 
and caused by the loop gain becoming one. 

 
 For example, if the system listed above, had the following gain characteristics: 

Venturi Gain = 0.75  
Control Valve Gain = 1.12 
Process gain = 0.98 
 
Then the PROCESS gain (as “seen” by the controller) is calculated as:  
0.75 x 1.12 x 0.98 = 0.8232. 
With KP equal to 0.8232, then to make KLOOP equal 1, the value of KC has to be  

215.1
8232.0
1

=  

 
Giving KLOOP = to 0.75 x 1.12 x 0.98 x 1.215 = 1 
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In order to observe the process dynamic characteristics only, we must not use any Integral or 
Derivative control during the process (as explained below) of determining the value of KC in 
order to obtain a total loop gain, KLOOP, equal to one (with no "corrupting" phase shift 
introduced by the controller). 
 
We can then measure the frequency of oscillation (the period of one cycle of oscillation), this 
being the ultimate period  PU. 
 
In addition, we know that the final value of KC is the critical gain of the controller (KU). This 
gain value when multiplied with the unknown process Gain(s), will give a Loop Gain, KLOOP,  
of 1. 

 
 From there we can stabilize the loop by reducing the value of KC. 

8.8.1 The stages of obtaining closed loop tuning (continuous cycling method) 
 1. Put Controller in P-Control Only 

In order to avoid the controller influencing the assessment of the process dynamic, no 
Integral or Derivative control should be active. Make TINT = 999 and TDER = 0. 

 
 2. Select the P-Control to  ERR = (SP - PV) 

Make sure that P-Control is working with PV changes as well as with SP changes.  This 
enables us to make changes to the ERR term, and hence the controller output, by changing 
the SP value. 

 
 3. Put the Controller into Automatic Mode 
 We need a closed loop situation to obtain continuous cycling at the critical gain setting. 
 
 4. Make a Step Change to the Setpoint 

To observe how the PV settles after a disturbance, change the SP value to simulate one.  
Before making this step change to the SP make sure the process is steady with only minor 
dynamic fluctuations visible. 

 
 5. Actions based on the Observation  

If any oscillations that occur settle down quickly (or indeed there are no oscillation at all), 
then increase the value of KC. The amount of increase to KC depends on the rate and 
magnitude of change of the PV as a result of the last SP change.  

 
 Then repeat 4 above, returning the Setpoint back to its original value.   

 
When oscillations appear, and if they seem to be increasing in amplitude, terminate the 
exercise immediately and reduce the value of KC to enable the process to stabilize. The total 
loop gain was >1, hence it amplified the SP change value. 

 
 Repeat the exercise again, being more cautious with high values of KC.  
 
 6. Conclusion of Tuning Procedure  

Once you obtain continuous cycling of the process, measure the cycle time and the value of 
KC obtained for continuous cycling.  This time is the Ultimate Period (Pu), and the value of 
KC is the Ultimate Gain (KU). 

 
REDUCE THE VALUE OF KC BY 50% TO STOP THE OSCILLATIONS AND RETURN THE SP TO 
ITS ORIGINAL VALUE TO STABILISE THE PROCESS. 
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8.8.2 Calculation of tuning constants (continuous cycling method)  
We will obtain different tuning constants with P, P I and PID control modes.  However, your 
attention is drawn to the fact that the same relationships as discovered in the Reaction Curve 
Method of tuning re-appear here. 

 
 Controller settings are determined from Table 8.2: 

Table 8.2 
Controller settings 

Controller Proportional only Proportional Integral Proportional 
Integral Derivative 

Gain KC KC = 0.5 x KU KC = 0.45 x KU KC = 0.6 x KU 

Integral Time TINT 

 
 

       
2.1

Pu
      

2
Pu

 

Derivative Time TDER 

 
  

        
8

Pu
 

 
 NOTE: 

THERE ARE NO VALUES GIVEN FOR PD CONTROL WITH THIS METHOD, BUT THE RATIOS USED 
FOR OPEN-LOOP TUNING CAN BE APPLIED IF REQUIRED. 

8.9 Damped cycling tuning method 
This method is a variation of the Continuous Cycling Method. It is used whenever 
continuous cycling imposes danger to the process, but a damped oscillation of some extent is 
acceptable. 

 
 The steps of closed loop tuning (Damped Cycling Method) are as follows: 

8.9.1 Tuning method 
 1. Put the Controller into P-Control Only 

In order to avoid the controller influencing the assessment of the process dynamics, no I-
Control or D-Control must be active. 

 
 2. P-Control on ERR = (SP - PV) 

Make sure that the P-Control is working with PV changes as well as with SP changes.  This 
enables us to make changes to the  ERR term by changing the SP value. 

 
 3. Put Controller in Automatic Mode 
 We need a closed loop situation to obtain damped cycling. 
 
 4. Step Change to the Setpoint 

A step change to the SP causes a disturbance and we observe how the PV settles. Before 
making a step change to the SP, the process must be steady with only minor dynamic 
fluctuations visible. 

 
 5. Actions based on the Observation  

If any oscillations that occur settle down quickly (or indeed there are no oscillation at all), 
then increase the value of KC .   
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The amount of increase to KC depends on the rate and magnitude of change of the PV as a 
result of the last SP change.  

 
 Then repeat 4 above, returning the Setpoint back to its original value.   

 
When oscillations appear, and if they seem to be increasing in amplitude, terminate the 
exercise immediately and reduce the value of KC to enable the process to stabilize. The total 
loop gain was >1, hence it amplified the SP change value. 

 
 Repeat the exercise again being more cautious with high values of KC.  

 
When a damped oscillation is obtained, as shown in Figure 8.8 note the value of KC ; this 
now being denoted as KD. Then terminate the test by reducing the value of KC.  KD is used to 
determine the gain later in this exercise. 

 

 

Figure 8.8  
Damped oscillation decay ratio 

8.9.2 Calculations  
By measuring and dividing the amplitude of the first overshoot by the amplitude of the 
second overshoot the Delay Ratio P is found:  
 
The time (in minutes) between these two measured points gives a value for Pd (Period of 
damping). 

P = Decay Ratio = 
Overshoot 2nd.

Overshoot1st 
   

 
 Then calculate the damping ratio δ  from: 

A = ⎟
⎠
⎞

⎜
⎝
⎛××

Π P
1ln

2
1

 

 
and then: 

21 A

A

+
=δ  
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In most cases the damping factor; δ  ; having a value of  around 0.5  for a damped 
oscillation is acceptable.  

We then need to evaluate Rd from 
p

Pu
 where PU represents the Ultimate Period and P 

represents the Actual Period: 
 

  = Rd 
p

Pu 21 δ−=  

 
 This leads to the following formula for TINT and TDER: 

 

PI-Control: 
( )

2.1
int RdPdT ×

=  

 

PID-Control: 
( )

2
int RdPdT ×

=  

 

   
( )

8
RdPdTder ×

=  

 
Next, we have to turn our attention to calculating the gain setting for the controller (KC).  
Some manuals inform us that KC is determined by good operator judgment, however this 
would be very much a hit and miss approach. 
 
As we have a value of controller gain (KD) that we used to obtain the damped cycle response 
used to evaluate the Integral and Derivative time constants we can use this to obtain a value 
for KU.  

 
 First we need to calculate the Overshoot Ratio, this is the result of 

 
Change State Steady

Overshoot
 

 
We then calculate Ku from:  
 
 

 
RatioOvershoot 

Kd Ku =  

 
Achieving a value for KU will let us use the Ziegler Nichols closed loop formulas.  These 
being: 

 
 Ku  0.5 = Kc    control P ×  
 
 
 Ku  0.45 = Kc    control  PI ×  and   
 
 
 Ku  0.6 = Kc    control PID ×  

 
Figure 8.9 gives a graphical representation to obtain the damping ratio directly from the %. 
Overshoot that occurred in the PV as a result of a Step Change made to the controller output. 
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% Overshoot vs. Damping Ratio δ 
System with Dominant 2nd Order Character

(Damped Response to Step Input)
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Figure 8.9 
% Overshoot vs. Damping Ratio System with Dominant 2nd Order Character (Damped Response to Step Input) 
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8.9.3 Step responses 

Damped Step Response of system with dominant 2nd Order character
To determine Ultimate Period (Pu) from Damped Cycling Period (P) 

for use of Ziegler-Nichols Continous Cycling PID tuning method with damped cycling data

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1% 10% 100%
%Overshoot

 R
at

io
 o

f U
lti

m
at

e 
Pe

rio
d 

/ A
ct

ua
l P

er
io

d 
   

  
R

d=
(P

u/
P)

an
d 

D
am

pi
ng

 R
at

io
 δ

Pu/P
δ

Rd

ln(OS)
 (thin line)

J P Stiekema          IDC 1997 

= = +
+

=
−

+

Pu P
OS

OS

OS

/
ln( )

ln( )

ln( )

1
2

2 2

2 2

π

δ
π

 

Figure 8.10 
Damped step response of system with a dominant 2nd order characteristic 

Figure 8.10 is used to determine the Ultimate Period (PU) from the Damped Cycle Period 
(P); (Courtesy of J.P.Stiekema). 

8.10 Tuning for no overshoot on start up (Pessen) 
This method is a variation of the Continuous Cycling Method and it is used whenever no 
overshoot is permitted, even in the extreme case of start up the process. With start up, we 
mean the transition from manual to automatic control.  
 
An extreme start up situation exists, if the Setpoint and PV are very different when changing 
from manual to automatic control.  In contrast to a change of Setpoint, the change from 
manual to automatic control does not cause a step change in ERR.  Therefore, the change 
does not directly affect P or D-Control.  
 
An example for applying this tuning procedure, according to Pessen, is a closed tank that 
could burst or an open tank that could overflow. 
 
The steps of closed loop tuning for No Overshoot are the same as the ones for Continuous 
Cycling Method (Ref. 8.8.1 ) 

 
 The formulas developed for this case by Pessen are as follows: 

PID-Control: 
Kc = 0.2 x Ku 
T(int) = Pu/ 3 
T(der) = Pu/ 2 
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8.11 Tuning for some overshoot on start up (Pessen) 
This method is a variation of the Continuous Cycling Method. It is used whenever no 
overshoot during normal modulating control is desired, but some overshoot at start up is 
acceptable. 
 
The steps of closed loop tuning for Some Overshoot are the same as the ones for Continuous 
Cycling Method (Ref. 8.8.1) The formulae developed for this case by Pessen are as follows: 

8.11.1 The tuning constants 
PID-Control: 
Kc = 0.33 * Ku 
T(int) = Pu/ 2 
T(der) = Pu/ 3 
 

8.12 Summary of important closed loop tuning algorithms  

Table 8.3 
Summary of closed loop tuning algorithms 

Tuning for Continuous Oscillation Pessen Some 
Overshoot 

Pessen No Overshoot 

KC                

Ku×6.0  
     

Ku×33.0
 

   

Ku×2.0  

INT                         

2
Pu  

                    

2
Pu  

              

3
Pu  

TDER                         

8
Pu  

                    

3
Pu  

               

2
Pu  

 

8.13 PID equations: dependent and independent gains 
 The General PID Equation as applicable to digital (PLC) systems is the sum of Four terms: 

OP = Proportional + Integral + Derivative + Bias (Manual) value. 
 

This equation can be represented in two ways, ISA (Instrument Society of America) 
(Dependant Gains) or Independent Gains. 
 
In the independent gains equation, as the name suggests, all three PID terms operate 
independently. In the ISA Equation a change in the proportional term also effects the Integral 
and Derivative terms (see Figure 8.11). 
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Figure 8.11 
Closed loop control showing terms and comparison between ISA and independent gains equations 

8.13.1 ISA equation 
The ISA equation is interactive.  That is, it contains dependent terms that mean if the 
controller gain KC is changed, the Integral and Derivative terms also change. 

 
 

 
( )[ ] (Manual) Bias +  1  + 

Tint
1    

t

0
∫

−−
+=

dt
nEETderEdtEKcCV  

OR 

 
( )[ ] (Manual) Bias +  1  + 

Tint
1    

t

0
∫

−−
+=

dt
nPVPVTderEdtEKcCV  

 
where: 
CV = Output 
Kc = Controller Gain Constant (Unitless) 
Tint = Integral time constant (Minutes per repeat) 
Tder = Derivative Time Constant (Minutes) 
dt = Time between samples (Minutes) 
Bias = Feedforward or Output bias 
E  = Error = to PV-SP or SP-PV 
PV    = Process Variable 
PV(n-1) = PV Value from last sample 
E(n-1) = Error value from last sample 
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8.13.2 Independent gains equation 
This equation is non-interactive. As such P, I and D terms are adjusted independently. 

( )[ ] (Manual) Bias + 
dt

1 + EdtKi + 
t
0

−−
= ∫

nEEKdKpECV  

OR 
( )[ ] (Manual) Bias + 

dt
1 + EdtKi + 

t
0

−−
= ∫

nPVPVKdKpECV  

where: 
CV = Output 
Kp   = Proportional Gain Constant (Unitless) 
Ki = Integral gain constant (1/Sec) 
Kd = Derivative gain Constant (seconds) 
dt = Time between samples (Seconds) 
Bias = Feedforward or Output bias 
E  = Error = to PV-SP or SP-PV 
PV = Process Variable 
PV(n-1) = PV Value from last sample 
E(n-1) = Error value from last sample 
 
The ISA and Independent Gains constants can be compared as follows: 
ISA  Constants   Independent Gains Constants 
Controller Gain KC  Proportional Gain KP 
(Dimensionless)   (Dimensionless)     
 
Reset Term TINT   Integral Gain Ki 
(Minutes per Repeat)  (Inverse Seconds) 
Rate Term TDER    Derivative Term Kd 
(Minutes)   (Seconds) 
 

To convert from ISA terms to independent gain terms  
 
Kp = Kc Unitless 

Ki = 
minsec/60int xT

Kc
 

 
Kd = Kc(Td) 60 Seconds 
 
 
 
1: ISA Dependant Gains  0:  AB Independent Gains 
 
SETPOINT    (Scaled) SETPOINT 
Proportional Gain (KC) (0.01)  Proportional Gain (KP) (0.01) 
Reset Time (T1) (0.01 Mins./repeat Integral Gain (KI) (0.001/Secs.) 
Derivative Rate (T2) (0.01 Mins.)  Derivative Gain (KD) (0.01 secs.) 
Loop Update Time (0.01 secs.)  Loop Update Time (0.01 secs.)  

  
 
   Derivative Error       0:PV  1: Error 
 
   Example KC    = 2.2 
     TINT  = 0.8 min. 
     TDER = 0.2 min. 
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220=Kc   220== KcKp  
    

80=Ti    8.451000
8.060

2.2
60

=×
×

==
Ti

KcKi  

 
20=Td   2640100602.02.260).( =×××== TdKcKd  

 
 
 
 
 
Proportional Band Applications   PB% 
 
 

%5.45
2.2

100100% ===
Kc

PB
 

 
 
 
 

Practical Exercises  
 
The following exercises will help you to gain practical experience with the open 
and closed loop tuning methods described in this chapter.  Refer to Appendix D. 
 
Exercise 9 – Open Loop Method – Tuning Exercise 
Exercise 10 – Closed Loop Method – Tuning Exercise 
Exercise 11 – Exercise in Improving ‘As Found’ Tuning 
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