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Introduction

Veneer logs of many species must be heated in the green condition
before they are cut on the lathe or slicer, in order to soften the wood
sufficiently for good cutting. The heating is ordinarily done in steam
or water, and may require 1 to 2 days or even more, depending primarily
on the log diameter. The desired temperature within the log varies
with the species.

Heating in steam or water is a time-consuming, expensive, inconvenient,
dirty task that is seldom done well. When some species are heated to
high temperatures, heart checks may develop to an excessive degree be-
cause of the thermal expansion that occurs when the log is heated. The
heating problem is particularly pronounced with logs of large diameter.
Douglas-fir, for example, cuts well when heated to 140 * to 160 * F., but
the difficulties accompanying the heating to such a temperature are so
great that the wood is generally cut without heat treatment, even though
the quality of the product may suffer somewhat.

For these reasons, the Forest Products Laboratory has been investigating
alternative methods of heating veneer logs. It was thought that the
application of electric heating methods might make it possible to heat
veneer logs or bolts rapidly, particularly the central portions of large
logs.

Over a period of years, experiments were conducted at the Forest Products
Laboratory in heating veneer bolts by high-frequency methods. Some degree
of success was attained with small logs rotated slowly between plate
electrodes. This method was not successful with logs of large diameters,
nor was it possible to heat the wood rapidly enough so that the heating
could be done in the lathe as the veneer was cut. In general, these
early experiments led to the conclusion that the high-frequency method
was not efficient or economical enough to be considered generally for
heating veneer logs.

-For presentation at Forest Products Research Society meeting at Lufkin,
Texas, Nov, 9-10, 1953.

?Maintained-Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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The Electrical Resistance Method.

Work was subsequently undertaken in the use of electric current at
ordinary frequencies, to heat the logs by resistance methods. In this
method, the log itself serves as an electric heating element by virtue
of the fact that it possesses resistance. Therefore, when current
passes through it, power will be consumed and heat will be developed,
A high degree of efficiency in the use of electric current seemed
possible by this method, since practically all energy consumed could be
used to heat the wood, and only negligible quantities would be wasted
due to small losses in the high-voltage transformer that is required.

The first tests performed with makeshift equipment indicated that the
method might be successful and provided the necessary information for
the design and purchase of a suitable transformer. Later such a trans-
former was.built. It has an input voltage of approximately 230 volts.
It is a 60 kilovolt-ampere, single-phase, 60-cycle, step-up transformer
of the dry type, capable of furnishing output voltages of 500 to 5,000
volts, by:500.rvolt steps. Output voltages up to 2,500 volts are available
at 24 amperes,.while 3,000 to 5,000 volts are available at 12 amperes.

Accessory equipment includes a circuit breaker on the input side, an
ammeter for measuring the flow of output current, and a kilowatt-hour
meter for measuring the total energy consumed in heating a log. An
electric clock is wired into the circuit to indicate , the total time
elapsed in heating each log. The equipment is illustrated in figure 1.

The current is carried to the log by thin flexible conductors, the ends,
of which are attached to electrodes that transmit the power to the wood.
For much of the work, two circular metal disks of approximately the same
diameters as the logs being heated, were nailed to the . log ends. Plywood
disks held the electrodes firmly against the log ends. In order to
provide good electrical conductivity between the electrodes and the wood,
felt pads soaked with salt water were inserted between the disks and the
log ends.	 -

Several different types and patterns of electrodes were investigated,
but only one other method was found to be as satisfactory as that mentioned
above. In this second method, logs or bolts 4 to 8 feet long wereset on
end in a metal pan containing a solution of salt water to a depth of about
1 inch. This formed the ground electrode. The other electrode was the
conventional metal disk and felt pad laid flat on the upper end of the log.
The two methods of transmitting , the current to the wood are illustrated in
figures 2 and 3.

To measure the temperature attained at various points in the logs, holes
were drilled in various locations and to various depths. Thermowters
were inserted in these holes or, in special cases, series of thermocouples
were arranged in split dowels that could be driven firmly into the holes
drilled in the logs. By these methods, records of the temperatures
attained during the heating experiments were obtained.
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The Electrical Resistance of Green Wood

Some information is available on the electrical resistance of green
wood, but much of the fundamental work has been done in connection
with the development of electric moisture meters, in which the interest
was primarily in wood having moisture contents below the fiber-saturation
point. In this work, it has been determined that the electrical resis-
tivity of wood varies with the grain direction, specific gravity, and
moisture content of wood. The direct current resistivity of oven-dry

wood is 3 by 1017
 to 3 by 1018 ohm centimeters2 Grain direction of wood

has a definite effect on electrical resistivity. In the fiber direction,
the resistivity is about one-half of that for flow of current across the
fibers. The values in the tangential direction of the wood are slightly
greater than those in the radial direction.a

The resistivity decreases slightly with an increase in specific gravity„1
but the effect, in general, is negligible in comparison with the effect
of moisture content. The resistivity decreases markedly with an increase
in moisture content. The decrease is approximately ten-fold for each
4-percent rise in moisture content until the fiber saturation point, about
30 percent moisture content, is reached. At this point, the resistivity
is about 103 ohm centimeters. From the fiber saturation point to the
water-filled condition, which is reached at from 200 to 300 percent moisture
content, the decrease in resistivity is ten- to twenty-fold.2

The conditions encountered in log heating tests were such that it was
impossible to predict the resistance of a large log. It was possible,
however, after the electrodes and the salt-saturated felt pads had been
attached to the log ends, to make an initial check before the heating
started. This was done by use of an ordinary ohm meter connected to the
two electrodes. The resistance thus measured was multiplied by the
current rating of the transformer to determine the maximum permissible
voltage.

The electrical resistivity was found to vary greatly with the temperature
of the wood. After the current had flowed long enough to raise the
temperature appreciably, it was found that the flow had increased
greatly. At any given voltage, the current flow continued to increase
as the temperature rose. It was therefore necessary to lower the voltage
at intervals, to keep the current flow within the transformer ratings.

- eatherwax, R. C, and Stamm; A. J. "The Electrical Resistivity of Resin-
Treated Wood, Hydrolyzed-Wood Sheet, and Laminated Resin-Treated Paper."
Elect. Eng. Trans. 64:833 (1945).

Stamm, A. J. "The Electrical Resistance of Wood as a Measure of Its
Moisture Content." Ind. Eng. Chem. 19:1021-1025 (1927).

5
Stamm, A. J. "The Fiber-Saturation Point of Wood as Observed from

Electrical Conductivity Measurements." Ind. Eng. Chem., anal. ed.
1:94-97 (1929).
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The electrical resistivity of a yellow birch log during heating is
shown in figure 4. This log had been stored under water for some
time and the wood had a moisture content of between 80 and 90 percent,
which is higher than usual for yellow birch. The logarithm of resis-
tivity was found to be inversely related to the logarithm of temperature
as expressed by the equation.:

log R = -1.122 log t 5.40

where	 R is resistivity in ohms per cubic centimeter, and

t is temperature in °F.

Material Tested

To date, about 20 bolts of yellow birch, white oak, red oak, water
tupelo, swamp tupelo, and redwood have been heated experimentally by
the electrical method. Most of the bolts ranged from 15 to 25 inches
in diameter and averaged about 20 inches. They were in 4-foot and 8-foot
lengths. Three redwood bolts 40 to 50 inches in diameter and 4 feet long
were included.

Records of electrical energy consumption were kept on each test, as well
as temperature data on the wood being heated. Observations were made on
end checking, localized overheating, and any other difficulties that
developed. In most cases, the bolts that were heated were later cut
into 1/16-inch or 1/8-inch veneer on the rotary lathe. Observations were
also made on the effectiveness of the heating treatment in softening the
wood properly for cutting.

Heating Data

A short summary of the data regarding the heating of some of the test
bolts is given in table 1. Because of the exploratory nature of the
tests, the procedure for making the tests and for recording the data
was not standardized. The summary table, therefore, is simplified and
presents only approximate values for the heating and temperature measure-
ments.

A single heating test often involved using several voltages, recording
the frequently changing current flow, making observations on the condition
of the log at intervals, including temperatures, and possibly changing the
style or arrangement of the electrodes. The general impression gained
from these tests was that with some species, for example, yellow birch,
heating generally progressed miformly and without difficulty. With others,
such as red oak, there was difficulty in getting uniform heating and in
preventing overheating and drying of some parts of the logs.
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Uniformity of Heating

The last two columns in table 1 give some indication of the degree of
uniformity of temperature attained with electrical-resistance heating
methods. With yellow birch there was no difficulty in getting a fairly
uniform temperature distribution from pith to bark, within about 15
degrees above and below the desired temperature. This was attained with
electrodes covering the entire end surfaces and also with electrodes only
partly covering the end surfaces. Ring-shaped electrodes, or small
centrally located electrodes at each end, did not cause a localized fluw
of the current through an 8-foot length of birch, Idithin a distance of
one to two feet from the electrodes the current apparently distributed
itself uniformly through the cross-section of the log, and the heating
proceeded accordingly.

With redwood bolts 4 feet long and almost 4 feet in diameter, on the
other hand, the current did not distribute itself uniformly. When
electrodes 14 inches in diameter were used at each end, it was possible to
heat a cylinder of wood through the center of the bolt approximately 14
inches in diameter, leaving the outer portions of the bolt unheated.

With oak logs,:the current flow was sometimes erratic. Sometimes it was
primarily through the sapwood,: sometimes through the heartwood, causing
irregular heating. It was almost impossible to change the heating pattern
once it had been established, because the wood in those parts of the log
that had already been heated had a lower electrical resistivity than the
wood elsewhere in the log. This tended to confine the current flow and
resultant heat to those parts of the log that first received the heat.

Experimental work has not progressed far enough to indicate whether it
will be possible to consistently attain uniformity of heating in different
species of wood that may be considered for this process.

Transformer Capacity and the Rate of Heating

The tests performed to date have not indicated the maximum rate at which
it is possible to heat logs. In every case the limiting factor, where
such was found, has been the capacity of the transformer used for the
tests. In these tests, the voltage was regulated so as to obtain a flow •
of current not exceeding the capacity of the transformer except for short
periods. With cold birch logs, approximately 4 feet long, voltages up

to 2,500 were generally used and the current flow generally did not
exceed 24 amperes. With cold logs approximately 8 feet long, voltages
up to 5,000 were used and the current drawn was generally not over 12
amperes. Within this range there was no difficulty in transmitting the
power from the electrodes to the wood, nor was there any arcing or burning
of the wood at the log ends.
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With the experimental equipment used at the Forest Products Laboratory
it would probably be possible to heat one 8-foot length of birch, 20
inches in diameter, every 20 minutes or oftener. On this basis, the
transformer would have a heating'capacity of over 3,000 board feet of
logs per 8-hour day.

Energy  Consumed

In heating the test material, the electrical energy consumption ranged
from 0.7 to 3.5 kilowatt-hours per cubic foot of wood heated. Naturally
the test logs were not all heated to the same temperature, For purposes
of comparison, therefore, the energy consumed was reduced to kilowatt-
houxs per cubic foot per 100° F. temperature change. In heating yellow
birch logs, the energy consumed amounted to about 1.5 to 2.0 kilowatt-
hoUrsper 100° F. change per cubic foot of green wood. The values obtained
for oak logs were within the same range. Some water tupelo and swamp
tupelo logs, having a higher initial moisture content in the green
condition, required up to 2.25 kilowatt-hoursper 100° F. change per cubic
foot.

Using a rough conversion value of 6 board feet log scale per cubic foot
of green wood, it is estimated that 250 to 350 kilowatt-hour would be
consumed per 1,000 board feet, log scale, for adequately heating woods
such as birch, oak or gum.

Effect on End Checking

During the heating of some species of logs by conventional methods, end
checking may be pronounced, and this may result in considerable waste
and inconvenience in cutting. This end checking results from the thermal
expansion of the wood during heating, and it is thought that it is
aggravated by the great temperature difference between the outer shell
and t inner portions of the log when the heating is done, in steam orhg
water,- Any method of heating that would result in reducing the'teMpera-
ture differential between the outer and inner parts of the ,log oughtito
result in a reduction in end checking,

In limited tests performed to date, it has not yet been definitely
established that end checking can be reduced consistently by electrical'
heating methods. In some cases, no difference was observed between
logs heated electrically and those heated in water or steam; in other cases,

-Fleischer, H. O. "Heating Veneer Logs." Wood, 3(3):18-19, 49-50, 52-53,
March 1948.
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there was a great improvement. Figure 5 shows one of the best examples
of reduced end checking resulting from electrical heating methods.
Bolt.No. 9-1 was heatedinwater for 36 hours at a_temperature of
170° F. Matched.bolt N_o. 9-2 was heated by the electrical method in
35 minutes, at the end of which,period the temperature near the pith
was 210° F,, and near the bark 160° F.

Limitations of the Method

Laboratory tests have shown that the electric method of heating veneer
logs is fast, efficient, and not excessively costly. At present, the
greatest limitation to the commercial development of the method is a
lack of detailed knowledge about the many variables that may affect the
rate of heating. Further laboratory studies will be aimed at supplying
the necessary information and, should opportunities develop l .pilot plant
tests may be made to demonstrate the commercial adaptability of the
process.

There are certain hazards involved in the use of electric current at
high voltages. This will require careful planning of commercial
installations to provide for safe operation. A single power supply
ought preferably to serve two separately enclosed log heating areas, so
that logs could be prepared in one area while heating was going on in
the other. Thus the transformer could be kept4n constant service and
power surges resulting from frequent starting and stopping could be
avoided.

For efficient use of the method it is necessary that the logs be green.
Logs that have dried to any extent because of storage in an open yard are
not in good condition to conduct electricity. End-drying of logs is
particularly objectionable under the present method of transmitting the,
current to the wood. Logs, Stored under water, having their end sections
saturated, are in good condition for electric heating,

There is some question as to whether logs heated quickly are in as good
condition for cutT,ing as are logs heated for several days in water or
steam. There is no fundamental evidence on record that wood continues
to soften perceptibly when held at high temperature for several days.
Yet cutting tests have indicated that there may be some advantage in
slow heating. This problem needs further study and, should it be found
that a prolonged heat treatment is beneficial, it would be pocsible to
heat logs electrically some hours in advance of cutting and to hold them
at the proper temperature so that they may have a period of conditioning.
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Table l.--Summary of some typical data on heating logs electrically.*

Species	 Log	 :	 Electric heating data	 : Temperature
: 	 : 	 :	 attained
:Length :Ave. :Time: Volts	 :Amperes:Estimated: 	

:diam.:	 :	 :	 : kw-hr. :Average: Range
	 : 	 : 	 ;	 ; 	 : 	 : 	 :	 : 	

:Ft.-In.: In. :Min.:	 :	 : 'F. : °F.
. :	 .	 :	 •

Yellow birch: 7-7 : 20 : 30 :4,000-5,000: 7-15 : 	26	 : 209 •. +15
:	 :	 :	 :	 :	 .	 :	 •

11	 11	
: 4-4 ; 21 : 20 : 2,500	 : 10-25 :	 11	 : 135 : .120
:	 :	 :	 :	 :	 :	 :

il	 It • 4-2 : 20 : 10 : 2,500	 : 15-20 :	 6.4 : 17o	 +15:
:	 :	 :	 :	 :

11	 11	 •. 4-2 : 18 : 19 :1,500-2,500: 25	 :	 14	 : 175 : +15

Red oak	 : 4-4 : 17 : 4o :1,000-51000: 10-20 : 	 19	 : 180 : +30
: 	:

	

if	 11	
: 4-4 :,15 : 25 :2,500-5,000: 5-7 : 	 7	 : 17o : +4o
:	 :	 :	 :	 :	 :	 :	 :

	

11	 II	
: 4-4 : 18 : 38 : 2,500	 : 10-17 :	 20	 : 200 : +10

:
.

4-1 : 15 : 35 : 2,500	 : 5-14 :	 12 	 185 : +25
:	 :	 :	 :	 :

White oak	 : 7-5 : 20 : 17 : 5,000	 : 4-12 :	 12	 : 140 : +20
:	 :	 :	 :	 :	 :

Water tupelo: 7-11 : 26 :120 :1,000-2,500: 15-30 :	 60	 : 150 : +15
:	 .	 :	 .	 .	 :	 :	 :

	

It	 11	
: 8-0 : 20 : 45 :1,000-2,500: 15-25 :	 21	 : 135 : +35
:	 :	 :.	 :

Swamp tupelo: 7-10 : 23 :105 :1,000-1,500: 5-25 : 36	 : 135 : +25

*Data are simplified for tabular presentation.
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Figure 1. --Electric transformer used to obtain high voltages required for
heating logs.

(ZM 94143 F)



Figure 2. --An 8-foot yellow birch log arranged for heating with an electrode
of metal and felt at each end.
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Figure 3. --An 8-foot yellow birch log arranged vertically
for heating. The hot electrode is at the top, and the
pan of salt water forms the ground electrode.

(ZM 9 4142 F)
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