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FIGURE 1A
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FIGURE 1B
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IN-KILN MOISTURE MEASUREMENT
CALIBRATION SYSTEM

TECHNICAL FIELD

[0001] The present application relates to in-kiln moisture
measurement systems.

BACKGROUND

[0002] Lumber is often dried in a kiln after it is milled in
order to remove moisture from the wood and prepare it for
use. When drying wood in a kiln, it is important to know
how much moisture remains in the wood. Lumber that is not
dried long enough and retains excess moisture may split or
warp. Conversely, lumber that is overdried, or dried too
quickly, may also split or develop other defects. Addition-
ally, overdrying incurs unnecessary energy costs. Accurate
lumber moisture content information also allows kiln opera-
tors to: adjust the kiln schedule according to drying needs;
shut down the kiln when the lumber reaches a specified
condition; and perform zone control.

[0003] One method of measuring and monitoring lumber
moisture content involves contacting the lumber with a pair
of electrodes and calculating the impedance or resistance of
the wood (which varies with the moisture content) using a
moisture detection circuit. This can be done, for example,
with a handheld meter that has two pins that serve as
electrodes. Another type of meter features metal plates
which are placed very close to the wood. One example of a
moisture detection circuit is described in Wagner, “Moisture
Detection Circuit,” U.S. Pat. No. 5,486,815, which is incor-
porated herein by reference.

[0004] In-the-kiln instrumentation automates obtaining
moisture content readings, thus saving manpower and time.
Sensors (electrodes) are placed in constant contact with (or
very near to) the wood while it is in the kiln, and the
measurements are sent to a computer outside of the kiln.

[0005] However, in-the-kiln instrumentation must with-
stand the extreme environment of the kiln. Temperatures in
kilns may vary widely, ranging from about 70 degrees to 300
degrees Fahrenheit. This temperature fluctuation compli-
cates the electronic measurement of moisture content
because the properties of electronic components change or
“drift” as the temperature changes. For example, the base-
emitter voltage of a transistor may decrease as the operating
environment temperature increases, thus affecting the pre-
cision of analog circuits.

[0006] Additional impedances introduced by the measur-
ing system complicate obtaining an accurate reading. For
example, cables used to connect probes to a reader have a
given capacitance which must be taken into account. This is
complicated by the fact that cable capacitance is partially a
function of cable length; thus cables of different lengths can
have different capacitances.

[0007] Tt is common for a moisture sensor circuit to be
tuned after installation. This typically involves simulta-
neously adjusting the zero offset and the gain of the circuit.
In some systems the zero offset and gain are each controlled
by a potentiometer, and a human being uses the potentiom-
eters to adjust the circuit against a known, stable impedance.
This process may require several iterations before the sensor
is tuned.
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SUMMARY

[0008] Anin-kiln moisture measurement system described
herein uses in-kiln measurement electronics to produce
moisture content readings virtually unaffected by tempera-
ture variations. The system comprises a personal computer
which receives data from a per kiln unit (PKU). The PKU
may be mounted above the kiln, on the outfeed side, for
example. The PKU features one or more probe boards,
which contain electronics for receiving signals from a send-
ing unit. The sending unit receives signals from probes that
are in contact with wood in the kiln.

[0009] The sending unit contains a circuit comprised of
redundant half-circuits that compensate for the effects of
temperature variations in the electronic components, includ-
ing cables. One half-circuit acts as a moisture detector, and
the other acts as a reference circuit. The two largely identical
half-circuits each have matched transistor pairs, which
ensure that the circuit readings drift by the same amount and
in the same direction when exposed to temperature changes.

[0010] The moisture detector half-circuit reads a signal
from the probes. The load of the reference half-circuit comes
from a fixed reference capacitor. The reference capacitor is
chosen for its low susceptibility to temperature drift. Signals
generated by each half-circuit are sent to the PKU and
processed in the probe board. Redundant circuitry is also
found in the probe board. Calibration of the system to
moisture content is then accomplished through software.

[0011] The system may be tuned using an Automatic
Tuning Unit (ATU). The ATU attaches to a sending unit
inside the kiln and interacts with the PKU to adjust the zero
offset and gain of the system. This allows the system to
provide normalized sensor value output.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1A provides an overview of a moisture mea-
suring system, depicting components inside a kiln.

[0013] FIG. 1B provides an overview of a moisture mea-
suring system, depicting components both inside and outside
the kiln.

[0014] FIG. 2 shows a schematic diagram of circuitry
inside the sending unit.

[0015] FIG. 3 is a block diagram of a probe board
contained within the PKU.

[0016] FIGS. 4A and 4B show a schematic diagram of
probe board circuitry.

[0017] FIG. 5 shows an exemplary embodiment of a
handheld Automatic Tuning Unit.

[0018] FIG. 6 shows a block diagram of the main circuit
of an Automatic Tuning Unit.

[0019] FIG. 7 shows a schematic diagram of a relay driver
circuit.
[0020] FIG. 8 shows a schematic diagram of a detector
circuit.
[0021] FIG. 9 shows a schematic diagram of a transmitter
circuit.
[0022] FIG. 10 shows a flowchart diagram of the auto-

matic tuning process.
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DETAILED DESCRIPTION

[0023] One embodiment of a moisture measuring system
100 is shown in FIG. 1A. This figure depicts the partial
interior of a kiln 110, including the system components
inside the kiln 110. A stickered lumber unit 115 sits inside
the kiln 110. Probe strips 118, preferably made of stainless
steel, are in contact with wood of the stickered lumber unit
115. Attached to the probe strips 118 are probe clamps 130.
Mounted on the wall of the kiln 110 is a sending unit 120,
and the probe clamps 130 are connected to the sending unit
120 through wires 135. The wires 135 may attach to the
sending unit 120 through studs (not shown) on the sending
unit 120. These can allow for the wires 135 to detach easily
from the sending unit 120 if, for example, a piece of lumber
or other object falls on the wires 135. The components inside
the kiln 110 are made of materials that can withstand the
extreme temperatures (up to 300 degrees F.) that occur
during the kiln’s operation. A number of suitable materials
exist, but by way of example, the probe clamps 130 may
have a body of heavy duty stainless steel or aluminum, and
a stainless steel spring and teeth; the sending units 120 may
be housed in containers made of 16 gauge stainless steel; and
the wires 135 may also be made of stainless steel. The kiln
110 may feature a walkway 112 to allow for easy access to
the lumber unit 115 or the sending unit 120.

[0024] A fuller view of the components of the moisture
measuring system 100 is shown in FIG. 1B. In this figure the
kiln 110 is represented by a broken line. If desired, the kiln
110 can include multiple sending units 120(a-c), each with
corresponding wires 135(a-c), probe clamps 130(a-c) and
probe strips 118 (not shown in this view).

[0025] Components outside the kiln 110 can include a per
kiln unit (PKU) 140 which is connected to a computer 150,
possibly via an RS-422 serial port. Signals travel between
the PKU 140 and the sending units 120 via sensor cables
137(a-c). The sensor cables 137 may be protected while in
the kiln 110 by conduits or protective channels. The com-
puter 150 can execute software for analyzing or storing data
recorded inside the kiln 110. The system 100 may also
include means, such as an alarm and a relay, for shutting
down the kiln 110 upon satisfying certain conditions, for
example, when lumber drying in the kiln 110 reaches a
specified moisture content level.

[0026] FIG. 2 depicts a circuit 200 found in each sending
unit 120. The circuit 200 comprises two half-circuits 210
and 230 which are more or less identical. These identical
halves allow for measuring the moisture in the wood in the
kiln 110 while compensating for temperature-induced insta-
bility of electronic parts in the circuit 200. Half-circuit 210
serves as a moisture detector (by measuring the impedance
of'the wood), while half-circuit 230 aids in compensating for
temperature-induced drift in half-circuit 210 (by measuring
a fixed capacitance). Each half-circuit 210 and 230 features
dual transistors, 212(a-b) and 232(a-b), respectively. The
dual transistors 212 and 232 are “matched pairs,” i.e., the
individual transistors have very nearly the same electrical
properties. Ideally, each pair of transistors 212 and 232 is in
a solitary package, which helps ensure that the transistors are
matched. Generally uniform properties among the transis-
tors 212 and 232 ensure that when the transistors drift due
to changes in temperature, the half-circuits both drift in the
same direction and by the same amount. Each transistor
opposes and negates the temperature-induced drift of the
other transistor in the pair. This arrangement also helps
cancel drift in the wires 135, as well. The dual transistors
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212 and 232 are selected in part for their ability to withstand
the high temperatures of the kiln 110. Each transistor 212
and 232 is wired with its base tied to its collector, allowing
the transistor to function as a diode.

[0027] The load for the half-circuit 210 is the signal PTX
240, which is provided by one of the probe strips 118
contacting wood inside the kiln 110. Half-circuit 210 mea-
sures the moisture content of the wood using PTX 240 and
the signal PGND 250, which serves as a ground signal for
the circuit 200 and is also provided by a probe strip 118. The
load for half-circuit 230 is provided by a reference capacitor
260. This capacitor is selected for its electrical stability over
a given temperature range, allowing it to provide a consis-
tent capacitive load during operation of the kiln 110. In one
embodiment, resistor 211 is of a smaller value than the
corresponding resistor 213. This helps ensure that half-
circuit 210 drifts the same amount as half-circuit 230 (which
has the capacitive load). Both half-circuits 210 and 230 are
fed by the signal TX 270, which is provided by the PKU 140.
TX 270 is an AC signal that gives the circuit 200 an inherent
potential through excitation. TX 270 may vary in amplitude
and frequency, but in one embodiment the signal has a
frequency of 1 MHz and an amplitude of about 18 V. Analog
DC signals R 265 (a reference signal) and M 267 (a response
to moisture content in the wood) are sent to the PKU 140 for
processing. While both R 265 and M 267 change with
temperature, the nature of the circuit 200 ensures that they
drift in the same direction and at about the same rate.

[0028] Another element of the circuit 200 is a temperature
sensor 280. In one embodiment the sensor 280 is a current-
loop-type sensor where the output current T 282 is propor-
tional to the temperature of its case. Supply voltage +V 284
(in one embodiment, about 15 V) is provided by the PKU
140.

[0029] FIG. 3 depicts a block diagram of a probe board
300. The probe board 300 contains circuitry for processing
signals from the sending unit 120. One or more probe boards
300 are contained within the PKU 140. Through a bus 310,
signals TX 270 and +V 284 travel to the sending unit circuit
200, and signals M 267, R 265 and T 282 are received from
the sending unit circuit 200. Signals TX 270 and +V 284 are
generated by clock and cable driver circuitry 320. Signals
from the sending unit circuit 200 are fed into buffers 330,
335 and 337 which eliminate coupling artifacts. The probe
board 300 is further comprised of: divider circuits 340 and
345; a microcontroller 350; inverter circuits 360 and 365
with zero adjust; gain adjust circuits 370 and 375; and a
scaling resistor 380.

[0030] Signals obtained by the sending unit circuit 200 are
processed in the probe board 300 using the microcontroller
350. The microcontroller 350 may be one such as the
PIC16C773 from Microchip Technologies, Inc., which
includes a 12-bit A/D converter. After digitizing signals M
267 and R 265, the microcontroller 350 can calculate the
difference between them.

[0031] As seen in FIG. 3, the principle of redundancy is
also applied in the probe board 300, where M 267 and R 265
are processed in a similar manner. This helps compensate for
temperature drift in the probe board 300. M 267 enters a
buffer 330, which has a very high input impedance. This
allows M 267 to be sampled without disturbing it. M 267
then enters a voltage divider circuit 340. Because the ampli-
tude of M 267 varies with the length of the wire 135, it is
useful to be able to adjust M 267 by means of the voltage
divider 340. M 267 enters an inverting unity gain amplifier









