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As control systems and process become more complex, the control concepts and 
calculations that need to be made also become more complex.

More complex systems that require more complex computation require the use of 
PC’s and/or PLC’s/PACs. Programmable Automation Controllers provide a good 
solution that uses industrial controls with the power of a PC.
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Algebraic sums and differences are very common in all control systems. The algebraic 
function is depicted by the summing junction on this block diagram and is calculating 
the amount of error in the system.

Here the Error signal = SP – PV. This form of the error equation is used for heating 
applications. If the PV is less than the SP the Error is positive and the system requires 
more heating. PV – SP is for cooling applications. If the PV is greater than the SP the 
Error is positive and the system is too warm and requires more cooling.
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Algebraic multiplication and division are also very common calculations in process 
control systems. The equation shown; CV = Error * Kp is a simple form of amplifying 
the error signal so that it makes a large change to the CV. The Kp term is a tuning 
parameter that is adjusted as part of the looping tuning process. Too much Kp will 
make the system unstable and overshoot the SP. Not enough gain will make the 
system sluggish and the process may never reach the SP.
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In a differential pressure flow meter (orifice + DP Cell), pressure is measured before 
the orifice and after it. This pressure difference is used to measure the flow of the 
liquid in the pipe. If the pressure difference is more, the flow is more and vice a versa. 
The problem with this method is that the pressure difference is not proportional to 
the flow so if the velocity (flow) of the liquid increases, the pressure increases but at 
a different rate. If you were to plot this on a graph you would get a curve. This curve 
is not much good for automatic control requirements. We have to make this curve 
straight or linear so that we can get a linear signal from the meter. A square root 
extractor is used to do this. 

Flow is directly proportional to the square root of the differential pressure. The 
equation shown can be used to calculate the flow rate where:
Q     is the volumetric flow rate
C     is the discharge coefficient found in the manufacturers table
AT      is the area of the aperture facing upstream
ΔP    is the pressure differential between the high and low pressure taps
ρ is the fluid density
Β is the aperture diameter-to-pipe internal diameter ratio (d/D)
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Automation system and process control use devices that create an output signal that 
is a function of the input signal. The devices are called sensors in conjunction with at 
transmitter/transducer. The sensor signal is converted into a different form that is 
compatible with the controller input. As an example, a temperature sensors that 
consists of the thermocouple will convert the mV signal generated by the T/C into a 4-
20mA or 0-10Vdc signal. The block diagram on this slide depicts the sensor with a 
measured variable ‘C’ going to a signal conditioner. The signal conditioner is what 
converts the sensor signal to either a 4-20mA or 0-10Vdc signal or whatever signal is 
required for the controller. 

Therefore, the sensor measures the PV and produces a signal that is converted by the 
signal conditioner (transmitter/transducer) that is required as the output to make it 
compatible with the input of the controller. The device is called a transmitter if the 
output is current and a transducer if the output is a DC voltage. Thus, the output of a 
transmitter/transducer is a function of the input signal.
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The first order lag basically states that when the input of a process is subjected to a 
step change, the output begins to respond at time = 0, or at the time that the step 
occurs.

The graph on this slide depicts a first order lag. The step change is shown with the red 
trace as being a square wave step. The green trace is the process system response to 
the step change. The first time constant occurs at 63.2%. The response time 
remaining is 36.8%. Taking 63.2% of the time remaining gives the 2nd time constant 
which is 86.4%. The next time constant would be 63.2% of what remains therefore 
the 3rd time constant would be 95%. After the 5th time constant the process should 
be at 99.32%. The process will repeat, theoretically, without mathematical limit. The 
response will never actually reach 100%; however, it does approach it to a point 
where the difference does not matter.

1st TC = 63.2%       Response remaining 100% - 63.2% = 36.8%    36.8 * 0.632 = 23.2%  
63.2% + 23.2% = 86.4%
2nd TC = 86.4%
3rd TC = 95.0%
4th TC = 98.16%
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5th TC = 99.32%

You read about this in Unit 8 – Process Dynamics, in textbook #2.
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Use this graph to explain error and rate of change. Also show the tangent line at a 
point so that it will be an introduction to what a derivative is. Reference the Khan 
Academy for anyone wanting further knowledge with derivatives
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Use this graph to show the Integral term by showing the error over a period of time.

The Integral term looks at the error over time and adjusts the process output 
accordingly.
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A Lead-Lag system is often used in air-fuel control systems where increases in 
combustion-air flow lead increases in fuel flow and decreases in combustion-air flow 
lag decreases in fuel flow.

This topic will be covered in detail in NCC course, EMEC225 – Instrumentation II.
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The ratio controller’s sensor measures the concentration of colorant, but not to 
control the flow of the colorant. Instead, the sensor provides a setpoint to two 
parallel fluid streams (soda water and flavor), so that the output from the mixing tank 
is the correct ratio to color, flavor and soda water.

Ratio of colorant : soda water : flavoring

This topic will also be covered in detail in NCC EMEC225 – Instrumentation II.
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These are advanced topics and will be discussed in future courses. They are 
mentioned here and in your textbook as an FYI.
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Talk a furnace that uses the Bang-Bang method of controlling the heating element 
and that without dead time, the contactor could start cycling on-and-off when the 
temperature of the furnace reaches the set point.
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