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Drying Technology Inc.

Drying is costly. Poor moisture control makes it more
costly through lost production, lowered product quality,
and increased energy consumption. Proper location of
the moisture sensor is probably the most important factor
to be considered in selecting an effective moisture control
system. Other factors that have a strong effect on moisture
control will be discussed, and criteria for selecting an
effective moisture control system will be developed.

The Control Problem - Selecting the Proper MC Sensor
Process industries commonly attempt to use some type of
conventional moisture sensor (Infra-red (IR), Near Infra-
red (NIR), Radio Frequency (RF), etc.) as the basis for
moisture control systems. Such sensors are generally
ineffective in closed-loop control systems due to their
inability to operate satisfactorily inside the hot, contami-
nated, corrosive, and space-limited environment of a
dryer. Consequently, they must be installed downstream
from the dryer exit, which causes longer dead times
(time to detect an entering disturbance), and necessitate
the use of inefficient “after-the-fact” (feedback) control
systems. Attempts to improve such MC control systems
by adding feedoward loops generally have not been suc-
cessful in a practical sense. They usually end up as meas-
uring moisture trends rather than as the basis for a
closed-loop MC control system.

Therefore, it is very important that the proper criteria
be used to select a MC sensor to use as the basis for a MC
control system. For example, the standard deviation of
the exiting product MC is directly proportional to the
time required for a disturbance entering the dryer to be
detected (dead time). If, then, the MC sensor could be
installed inside the dryer, the dead time would be signifi-
cantly decreased, and the variation in exit product MC
significantly reduced.

improve Moisture
Gontrol for Profit

Proper location of moisture sensor is crucial

Sensor Selection Criteria:

The moisture content of a product exiting a dryer is
either too wet, too dry or on target. If the commonly used
“after-the-fact” MC control system is in the automatic
operating mode, its control decisions will be based on the
moisture content of the product under the downstream
moisture sensor. For example, if the moisture content at
the sensor is on target, and water load changes start
entering the dryer, no change in control system action
will be taken until the effect of these entering water load
changes reach the MC sensor, or any that have previously
entered and are still inside the dryer. It can be shown
mathematically that this type of control system has only
one chance in three of making the right control decision.
In fact, its chance for success varies inversely with the
dead time. For this reason, control systems with moisture
sensors located downstream from the dryer exit are
prone to cycle and produce relatively wide moisture dis-
tributions. This causes reduced production, increased
unit energy consumption, and poorer product quality.
Obviously, the best solution for improving MC control is
to reduce the dead time by installing the moisture sensor
inside the dryer, which increases the chance of making a
correct control decision from 33% to near 100%.

Most conventional, if not all MC sensors, sample only
a fraction of the total production rate, usually a small
spot on the product surface. To avoid the errors associat-
ed with failure to use a statistically significant sample
size, and to eliminate the effect of bed-depth moisture
gradients on conveyor dryers, the second important mois-
ture control selection criterion should be to select a sen-
sor that uses the entire production rate or batch size as
the sample.

Most conventional MC sensors require frequent, time-
consuming calibration. Control systems based on such a
sensor will soon be placed in manual operating mode,
and, in the best situations, will be used only as a sensor
to determine trends in MC rather than as a control sys-
tem. Therefore, the third important selection criterion is
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to select a sensor that requires no calibration.

Another method used for MC control uses the exhaust
temperature to correlate with MC in such dryers as flash,
spray and rotary. Although this type is an “inside-the-
dryer” sensor, it is incapable of maintaining the target
moisture when water load changes enter the dryer. As
soon as the water loads to the dryer changes, a new set-
point is needed to maintain the target MC. Since there
are no known and published methods for automatically
adjusting the setpoint to maintain the target MC, the
operator must continually search for the correct setpoint
value in an “after-the-fact” manner. Consequently, the
fourth criterion for selecting a control system is to select
a control system capable of automatically and continu-
ously re-adjusting the temperature setpoint to maintain
the target moisture content

The Control Solution

The patented DELTA T moisture control system meets
the above-recommended selection criteria for an effective
MC control system. The DELTA T MC sensor is based on
the model,

MC = K; (AT)P - K,/84

that relates the moisture content (MC) of the product
leaving the dryer to: 1. the temperature drop (AT) of hot
air after contact with the wet product, and 2. the dryer
production rate or speed (S). This “inside-the-dryer” type
moisture sensor does not need calibration, uses total pro-
duction for its sample, is based on rugged temperature
sensors that can be installed inside the dryer, is accurate
and needs no calibration, and applies to most products
and dryer-types.

Figures 1 through 4 illustrate how the DELTA T meas-
ures moisture content inside various dryers using tem-
perature sensors. The temperature drop (delta t) is
processed by the above mathematical model to generate
an output signal proportional to the MC at the point of
measurement, or at the dryer outlet.

Figure 5 compares current (poor) MC control to
improved MC control using exiting product MC distribu-
tions. Current control shows a much wider moisture dis-
tribution - the result of a higher standard deviation of the
product MC exiting the dryer - than does the distribution
using improved moisture control.

Significant savings are possible if an improved MC
control system is installed. Figure 6 shows how produc-
tion can be increased, energy conserved, quality
improved, and, if applicable, more water sold for product
prices simply by shifting the improved curve to the right
such that the established upper MC limit (3 sigma) for
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Figure 1: cross section of a single —pass conveyor dryer
showing the Delta T measurement

Figure 2: Delta T measurement on a rotary dryer

Figure 3: Delta T measurement on a flash dryer
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