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It’s well known that there is no “best” control system structure or controller tuning 

method for all distillation columns, working in known processes. Distillation column 
(DC) dynamics is determined by column design, feed and product specification, 
process disturbances. Each case of DC control system design, especially for complex 
columns, can be solved in many different ways. The quality of the resulting control 
system will depend largely on what information about the control object was taken 
into account by the developer. 

The aim of the proposed procedure is to obtain all needed information about 
distillation column to make right decisions during distillation control system design 
procedure, e.g. control system structure, tuning methods, robustness analysis, etc. 

The proposed analysis procedure is following. 
1. Find all possible candidate process variables. We can split them in such 

categories: manipulated variables, controlled variables, measured disturbances. 
Possible manipulated variables are determined by possibility to install actuator valve 
on the pipe. Possible controlled variables are pressure, level, flow, temperature, 
concentration. In common case it’s better to measure last two type parameters on 
trays, which are sharp on column profiles plots.  Typical measured disturbances are 
feed’s concentration, flow rate and temperature. 

2. Specify the minimal list of control system tasks taking into account process 
requirements, but not economical considerations (economical effect mostly is 
obtained by optimal operation mode selection). For every DC the primary task is 
reliability of the operation (e.g. pressure and levels). For binary distillation columns, 
for example methanol-water, three product quality achievement tasks are possible: 
ensure product purity, ensure minimal product losses with water, ensure both. A 
control system design for third product quality achievement task is comparatively 
much more complex procedure. 

3. Select the control channels that are appropriate for each task. Consider all 
possible options, for example, the level in the reflux tank can be stabilized by both 
reflux flow and distillate flow. 

4. On the base of process automation system sensor measurement range, 
actuators flow change range and process requirements specify allowed working 
range for controlled variables and possible variation intervals of manipulated 
variables and disturbances. 
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5. If you have full access to the plant, then make a series of experiments to 
obtain responses from change of manipulated and disturbance variables values with 
different inputs (with different amplitude and sign) and obtain transitions. Construct 
transient plots after each change in the manipulated variable for all controlled 
variables. Recommended for general case values of step inputs are ±5%, ±10%, 
±15%, ±20% (8 experiments for each manipulated variables). But be aware that you 
do not need to conduct experiments that exceed the variable limits that were fixed in 
step 3. 

In case of absence of access to real plant it also possible to use a specially 
developed nonlinear model or a process simulator with dynamic simulation feature to 
obtain transitions. 

6. Explore nonlinearity of control and disturbance channels using transient plots 
from step 5.  Many distillation column transition plots can be represented in the First 
Order Plus Dead Time (FOPDT) transfer function form. So, the variability of a channel 
model parameters can be represented as variation (up to 300% in operation mode 
[1]) of gain, time constant and dead time from input values with simple equations. 

7. Determine which control channels are hard controlled (has dominant dead 
time) [2] using transient plots from step 5. In terms of FOPDT model form it’s 
determined by the ratio of dead time to time constant. When the ratio is higher than 
0.8 that means that this control channel is hard controlled. 

8. Determine which control channels have special dynamics features using 
transient plots from step 5, e.g. inverse response processes, high oscillatory 
processes etc. 

9. From each of alternative control channels (obtained in step 3) select channel 
which is best fit to following: it has large steady state gain, in FOPDT model terms it’s 
time constant is small and dead time is far from being dominant, channel dynamics 
is close to linear, dynamics has no special features (for level control problem not large 
inverse response is allowed). 

10. Construct full multivariable transfer function matrix of DC with selected in 
step 9 channels and cross-links. As a source data for channels transfer functions 
estimation in general case we recommend to select transition plots made with 5-10% 
of input variable nominal value. 

Conclusion. The developed procedure provides a control system developer the 
following information: 1) distillation column model transfer function matrix with 
properly selected process variables; 2) allowed variables change intervals; 3) detailed 
information about model’s channels like nonlinear behaviour, dead time dominance, 
inverse response, etc. 
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