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ABSTRACT

Phis thesis describes the development and application

of modern control techniques to an industrial processing
plant. The plant is made up of a pilot scale triple effect
Wiegand falling film evaporator and a De Laval tall form
spray drier situated at the laboratories of the New Zealand

Dairy Research Institute.

The continuous version of the standard state space and
measurement equations for linear, time-invariant, multi-
variable systems provides the basis for the development.

This standard representation is not well suited for direct
application to the plant because of the difficulty in

defining a suitable state vector and the need for a precise
knowledge of the process dynamics. The standard representation
is therefore enhanced to provide a modified structure

that exhibits several significant features:-

i) only measurable outputs, control inputs and
measurable disturbances are involved in the

process descriptions;

ii) the equation structure is similar to that of
the standard discrete state space equations,
so that state space time domain control system

design methods are applicable;

iii) the structure is suitable for the direct application

of statistical modelling;



iv) maximum flexibility is offered for selection
of discrete intervals for measurement samples

and controls;

v) precise knowledge of process time delays is

not required.

Application of the control strategies is performed using
an IBM System/7 minicomputer. A suite of computer
programs, developed in FORTRAN, is used. These programs
are suitable for transferring to any other minicomputer
supporting a multi-tasking mode of operation with the
major system dependent area being the actual sampling

of process data. Whilst a control engineer would be
required for the installation of the software and initial
control system design, further tuning of the controllers

could be performed by a suitably trained operator.

The procedures described allow an operator to apply
sophisticated control techniques by following a sequence

of relatively simple steps:-

a) apply perturbations to normal plant operating
conditions; .

b) use the interactive graphics facility to identify
process models using the generalised least
squares technique;

c) choose appropriate design weightings and use a
dynamic programming algorithm to obtain controller

gains;



d) simulate operation of the controller using
the process model;

e) apply the controller to the actual plant.

Steps b), and c) and d may need to be repeated until a

suitable controller is obtained.

The results of the implementation of controllers on the
pilot scale plant are presented. Consistent control of
the product density and flowrate from the evaporator is
obtained. As an hierarchical control structure has been
used on the evaporator, the development of lower level
controllers on variables such as steam flowrate, preheat
temperature, inlet milk flowrate and condenser water
temperature is also described. On the spray drier
environmental control on concentrate flowrate, gas flow-
rate and drier chamber pressure is obtained.
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