Improved moisture control increases profitability.

BY JOHMN ROBINSON AND ROGER DOUGLAS

hen it comes to petfood
production, manufacturers
know that time is money.
The time spent removing
moisture from thefinished product is time
wasted waiting to produce the next run. To
minimize dryer time and prevent wasted energy
that could be used more efficiently, moisture
control becomes an important consideration.

This article will explain the differences seen
in a petfood dryer operating under its “current
control” versus an “improved” moisture control
situation. As seen in Figure I, the “before”
and “after” moisture content (MC) variation
curves for petfood exiting a dryer operating
under current and improved MC control are
demonstrated. The difference in moisture
variation between the two curves is primarily a
function of the dead time (time for a disturbance
entering the dryer to be detected) for the
respective control systems.

The dead time for current control, where the
moisture sensor 1s located at the exit or beyond
the dryer, is at its maximum. In comparison, the
dead time for improved control, where the moisture

Figure 1. Current
versus “improved”
MC control.
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Figure 2. Current versus “improved” MC control
under new selection criteria.

sensor is inside the dryer and closer to the dryer
inlet, may range from 35-45% less than that for
current control. Since the moisture variation is
directly proportional to the dead time, the moisture
variation reduction is also approximately 35-
45%. Because of its wider variation, the current
control dryer must be operated with a significantly
lower mean MC to prevent the production of wet
product. The consequence of such operation is
lower production, higher unit energy costs and
poorer quality.

Since moisture variation of petfood exiting
the dryer is directly proportional to the dead
time, the most effective method for reducing
the dead time is to place the moisture sensor
inside the dryer.

“Improved” control

Looking at Figure 2, we see the same
distributions as in Figure 1; however, the position
of the improved curve is shifted to demonstrate
the advantages of using a MC control system
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chosen under a new set of selection
criteria. Because of its reduced MC
variation (narrowed curve), the curve
for improved control in Figure 2 may
be shifted to the right until its + 3
standard deviation point coincides
with the + 3 standard deviation point
on the current control curve.
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Figure 3. Cross-section of a
conveyor dryer showing the Delta T
measurement.

The difference between the means
of the two curves is proportional to the
benefits derived from improved control:
Increased production; a reduction in
unit energy consumption; and the
elimination of over- and under-dried
product. Additionally, the difference in
the two means may be used to estimate
the increase in MC that may be left
in the product without exceeding the
upper limit for MC. Improved control
usually reduces the standard deviation
from 35% to 45%, which allows the
mean of the exiting moisture values to
be increased about 0.5-1%.

Current MC control
system

The main purpose of a MC control
system is to keep the exiting product
sample values within the specification
limits with the lowest variation
possible, so that the mean value will
be maximized without exceeding the
upper specification limit. Limitations
inherent in conventional MC sensors
require that they be installed at the
dryer exit or beyond, thus dictating
open- or closed-loop feedback
moisture control systems.

Such “after-the-fact” control
systems produce wide MC distribution
curves as shown in Figures 1 and 2.
Factors that negatively affect current
MC control systems are addressed
later in this article.
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MC control selection
criteria

As previously stated, the MC
variation (standard deviation) of a
product exiting a dryer is directly
proportional to the time it takes for
a change in water load to be detected
(dead time); therefore, the location of
the MC sensor with respect to the dryer
is probably the most important factor
influencing MC control. Since lower
dead time equates to improvement in
the bottom line, the ideal location for
the MC sensor is inside the dryer.

Present practice is to continuously
sense ‘after-the-fact” MC at the dryer
exit, or to periodically take samples
for laboratory analysis. This type
of sampling necessitates use of a
feedback control system. Since such
systems make only one correct control
decision out of three attempts, they
are extremely ineffective in tightly
controlling moisture variation.

Conventional MC sensors require
frequent, costly calibrations for
just about every product dried. If
installed, they are usually relegated to
measuring trends in MC rather than

frequently sampled for statistical
significance and include the entire
bed depth. Thus, another criterion
for selecting an effective MC control
system is to include a sensor that uses
a statistically-significant sample.

Some manufacturers use exhaust
temperature as a surrogate for product
MC. This correlation holds as long
as there are no water load changes
entering the dryer. However, such
changes are inevitable, and the
operator must continually search in
an “after-the-fact” manner for a new
set point that will produce the target
MC. Needless to say, selecting an
effective MC control system should
include the selection of a sensor that
correlates strongly with MC under
varying operating conditions.

MC sensor calibration is a major
factor to be considered when selecting
a MC control system. Frequent
calibration and the need for custom
calibration for all products require
the selection of a MC sensor that is
universally applicable to each dryer
type and most products. To reduce
costs and MC variation, select a sensor

The most effective method
for reducing the dead time is
to place the moisture sensor
inside the dryer.

as closed-loop MC control systems.
Some serve as open-loop MC control
systems that require step changes
in the manipulated variable to be
made by the operator in response to
“after-the-fact” MC data. Therefore, a
criterion for selecting an effective MC
system is to select a sensor requiring
no calibration.

Conventional MC sensors sense a
relatively small spot on the surface of
the product, thus neglecting the effect
of vertical MC gradients. Itis important
that the sample be sufficiently large,

that will effectively operate in any
environment on any product or dryer
type. For a MC control system to be
effective and accepted by the operators,
it must be based on a MC sensor that is
simple, rugged, reliable and one which
requires minimum maintenance.

The control solution

The “Delta T” MC control system
presently meets the recommended
selection criteria for an effective control
system for petfood. It has been proven
to control various products from most






