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The U.S. Forest Service, at its laboratory in Princeton,
W.V., has developed a method for processing small diameter, low
quality logs into high value standard-sized blanks. The method
is called System 6. A standard blank is solid wood, usually of
edge-glued construction and of a specified size and quality.
Sizes of blanks suitable for use in manufacturing furniture and

kitchen cabinets have been developed.
The System 6 Concept includes a set of procedures and equip-

ment that processes tree-length logs into the standard sized
blanks. Briefly, the operations involve cutting 6-foot long
bolts, 7-12 inches in diameter, from the tree-length logs, sawing
the bolts into two cants that are 3-1/4 or 4 inches thick
depending on bolt diameter, gang-sawing the cants into boards
3-1/4 or 4 inches wide, drying the boards to 6-8% moisture
content, cutting the dry boards into parts and, finally sorting
and edge-gluing the parts into standard blanks 26 inches wide.

The drying stage of the System 6 process is particularly
critical to the manufacture of standard blanks and we have
concentrated our most recent research efforts on this point. The
reason this is critical is that the boards are narrow and contain
growth stresses and other natural defects which can cause warp
during drying. At the University of Massachusetts this research
has been exclusively with northern red oak since this species
is abundant in our area and is also important in both the foreign
and domestic furniture markets. The techniques we are advocating
for the drying of northern red oak are practical and well suited

for industrial scale operations.
The first step towards good drying begins at the sawmill.

Accurate, uniform sizing of the boards for thickness will help
reduce warp, variation in final moisture content and prolonged
drying time. It is especially important to stack the green
boards for drying immediately after sawing so as to gain early
control of any tendencies for the boards to cup, bow, or twist.
Because System 6 boards are cut from small logs almost every
board will be affected by longitudinal growth stresses. As the
wood dries the combination of growth stress and natural defects,
such as knots, pith and juvenile wood causes the development of
crook, to some degree, in about 80 percent of the load. By using
uniformly thick stickers, spaced 15 inches on center, we minimize
any tendency for the boards to bow or sag (become serpentine),
while at the same time allowing the boards to crook in a flat
plane. Uniform thickness brings every sticker to bear on each

1This research was supported by funds provided by the USDA Forest
Service, Northeastern Forest Experiment Station, Forestry
Sciences Laboratory, Princeton, W.V.
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board in its location and this reduces the likelihood of cupping.
This form of warp is further reduced in System 6 because the
majority of boards are either quarter or rift sawn.

A further deterrent to warp, especially in the top five
courses of the load, is the application of at least 50 pounds per
square foot of weight. This can be accomplished with 4"-thick
slabs of concrete large enough to cover the width and length of
each top package in the load.

Oak is a highly refractory species easily surface and end
checked. The application of a good end coating right after
sawing can reduce end checking appreciably. Immediate loading
of the stacked lumber into a kiln, either low temperature or
conventional unit, can result in less surface checking because
early control of the drying atmosphere is obtained. At this
time it is also important to select and prepare sample boards for
monitoring the drying rate. We recommend for commercial sized
kilns that at least eight samples per kiln load should be used
and 12 samples will give even better control. Each sample
board should be cut from a different package of lumber to assure
a good representation of the moisture distribution in the load.
The samples should be 36 inches long and their preparation for
use should be done following the method described in the Dry Kiln
Operator's Manual, USDA Handbook 188. This scale and oven
technique has proven to still be the most accurate method when
close control of drying is required.

When loading the kiln, the samples must be located in
pockets in both sides of the load so that at least half of them
will always be in the entering air stream regardless of the
direction of air flow. Sample placement should also allow for
easy retrieval by the kiln operator during the drying process.
The kiln should be fully loaded and well baffled to insure that
all the air circulates through the load rather than over, under
or around it. An air velocity of at least 300 to 400 feet per
minute through the load, as measured on the leaving air side, is
desirable for proper control of the wet bulb depression in the
early stages of drying.

With regard to the kiln equipment, it is especially important
that the heating, venting, spray and control systems are in good
working order when drying oak lumber. Because oak cut by the
System 6 process is low quality, rapid, but precise drying is
necessary to minimize costs. Therefore accurate calibration of
the recorder-controller is highly recommended so that critical
dry and wet bulb temperatures can be set and maintained.

We have found the following operating procedure works very
well when drying northern red oak from the System 6 process.
Drying is started in the kiln at low temperature and high humidity
with the material as close to being green from the saw as
possible. The kiln samples are weighed at least once every day.
Changes in the kiln conditions are made on the basis of the
calculated average moisture content of all the sample boards
until the moisture content of the load is down to 35 percent.

At that point we continue to monitor the moisture content of
all the samples, but make schedule changes based on the average
of the wettest half of the samples. We also keep track of the
single driest and single wettest sample.
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When the moisture content of the load is between 18 and 20
percent, shell and core tests should be cut from at least half of
the sample boards, including the wettest and driest samples. This
procedure allows the operator to accurately determine the moisture
distribution within the board as well as among boards. In
particular the kiln operator wants to know if the core moisture
content is below fiber saturation point (about 28% for oak)
before the dry bulb temperature is elevated sharply for the
acceleration stage of the drying.

As the average moisture content of the load, based on the
wettest half of the samples, approaches the target moisture
content of 7 percent, the operator may need to set the kiln on
equalizing if the spread between the driest and wettest sample
boards exceeds 3 or 4 percent. Often System 6 boards will dry
uniformly enough that the equalizing period can be very short or

even omitted entirely.
However, it is essential that this material be put through

a conditioning treatment before the kiln is shut down. This
final steaming relieves the drying stresses and also, we believe,
any residual growth stresses. Stress relief is critical to the
utilization of System 6 boards because they will be ripped and
glued into panels. The strips must be straight for proper
bonding and to remain straight in the blank as it is processed.

The test runs were made in our 6MBF capacity steam heated,
internal fan, aluminum prefabricated kiln at Amherst, Massachu-
setts. The kiln is free standing and similar in all respects to
commercial kilns built in the early 1960s. Six charges were
dried during the period from November 1981 through March 1983.
Our drying times are averages that include the effects of cold--
as well as warm--weather operating conditions. Two of the
schedules we followed were those that have been successfully used
to dry conventional oak lumber. The third schedule included a
presteaming process developed at the U.S. Forest Products
Laboratory with small loads. We used this schedule as a target
but because of insulation and boiler limitations we were not able
to duplicate the FPL steaming temperatures although we could
adhere to the lower temperatures and humidities specified.

The first schedule was a combination of low temperature to
bring the oak to 30 percent moisture content followed by the
standard Forest Products Laboratory schedule T4D2 (Table 1).
Drying time was 32 days, including equalizing and conditioning,
to bring the boards from 72 to 7 percent moisture content.

The second schedule was a modification of T4D2 developed by
McMillen to accelerate the drying by presurfacing and elevating
the initial temperature (Table 2). Total drying time averaged
26 days for 2 runs which was a 19 percent improvement over the
low temperature system. Initial and final moisture contents were
71 and 7 percent, respectively.

The final schedule tested was a combination of initial
presteaming and the accelerated schedule and was the method
developed by Simpson at the FPL (Table 3). Our drying time
averaged 22 days for three runs and was about a 15 percent
improvement over the accelerated schedule, again with initial and

final moisture contents of 71 and 7 percent.
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Drying degrade was minimal and essentially the same for
each schedule tested. The close sticker spacing and uniform
sawing kept cup, bow, and twist to insignificant amounts. Like-
wise surface and end checks and honeycomb were almost totally
absent. On the other hand the boards did crook, as we expected,
and this ranged from as little as 1/4" to 1-3/4" over the 6-foot
board length. However, because the System 6 manufacturing
process is designed to handle crook as normal we considered the
drying successful as long as there were no residual stresses.
Stress relief, as, determined by standard prong tests and by
making narrow rippings, was acceptable in every run.

Based on total drying time, the best schedule was the pre-
steaming, accelerated system (Fig. 1). The effect of the
steaming treatment is not yet completely understood, but it is
possible that it changes the permeability of the red oak so that
free water moves out following a normal moisture gradient during
early drying. According to Simpson when unsteamed oak is dried
green from the saw the core can develop a "wet wall" that hinders
the movement of free water from the center of the board and
results in both slower drying and increased chances for honey-
combing.

In our kiln we could not duplicate the high steaming
temperatures of 190°-200° that Simpson could in the laboratory,
but we did steam at 130-165°F and the drying rate was improved
over the other schedules tried. Using a wintertime start-up
procedure of establishing a 90° dry bulb and 90° wet bulb setting
did not seem to accelerate the drying.

In conclusion, we recommend the following procedures for
kiln drying System 6 northern red oak:

1. Gang saw the boards to uniform thickness, using carbide
tipped saws so that predressing is not required.

2. Sticker the boards 15-inches on center using 3/4-inch
thick stickers.

3. Use at least 8 kiln samples, 36" long initially, per
kiln load; locating the samples in pockets on each side
of the charge.

4. Maintain the kiln in good condition including accurate
calibration of the controller.

5. Load the kiln fully and properly baffle the charge to
obtain an air velocity through the load of at least
300 to 400 feet per minute.

6. Make scheduled changes in the drying conditions based
on the average of all samples until 35 percent moisture
content is reached, then switch control to the average
of the wettest half of the samples.

7. Equalize the load if necessary.
8. Always condition the load to obtain stress-free boards.
9. The presteaming accelerated schedule shows promise, but

further large scale tests should be made before it can
be fully recommended as the best method to be used.

83



References

McMillen, J.M. 1969. Accelerating Kiln Drying of Presurfaced
1-Inch Northern Red Oak. Madison, WI, USDA Forest Service
Research Paper. FPL 122, 31 pp., illus.

McMillen, J.M. and E.M. Wengert. 1978. Drying Eastern Hardwood
Lumber. Washington, D.C. USDA Agricultural Handbook 528,

104 pp., illus.

Rasmussen, E.F. 1961. Dry Kiln Operators Manual. Washington,
D.C., USDA Agricultural Handbook 188, 197 pp., illus.

Simpson, W.T. 1976. Effect of Presteaming on Moisture Gradient
of Northern Red Oak During Drying. Wood Science 8(4):272-

276.

Simpson, W.T. 1980. Accelerating the Kiln Drying of Oak.
Madison, WI, USDA Forest Service Research Paper FPL 378,

8 pp., illus.

84



TABLE 1. - COMBINED LOW TEMPERATURE AND CONVENTIONAL (T4D2) KILN SCHEDULE
FOR DRYING 4/4 NORTHERN RED OAK 1/

AVERAGE
MC(%)

DRY BULB
TEMP(°F)

WET BULB
TEMP(°F)

EQUILIBRIUM
MC(%)

2/	 GREEN-60 90 88 21

60-50 95 93 21

50-45 100 96 18

45-40 100 95 16

40-35 100 90 12

3/	 35-30 105 90 9

30-25 120 90 5

25-20 130 90 4

4/	 20-15 140 90 3

15-5 180 130 3

Equilize	 5-7 180 145 5

Condition	 7-7 180 170 11

1/ AGR HDBK 528

2/ Schedule changes made on basis of average MC of all sample boards

3/ Schedule changes made on basis of average MC of wettest half of the
sample boards.

4/ Establish 17% MC accurately with shell and core tests
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TABLE 2. - ACCELERATED KILN SCHEDULE FOR DRYING 4/4 NORTHERN RED OAK
PREDRESSED TO 1.0625-INCH THICK 1/

AVERAGE
MC(%)

DRY BULB
TEMP( F)

WET BULB
TEMP(°F)

EQUILIBRIUM
MC(%)

2/	 GREEN-53 115 111 17.5

53-43 115 110 16.2

43-37 115 107 13.4

37-35 115 101 10.0

3/	 35-30 120 85 4.6

30-27 125 80 2.7

27-21 130 80 2.0

4/	 21-17 140 90 2.6

17-5 180 130 3.3

Equilize	 5-7 180 145 5.0

Condition	 7-7 180 120 11.0

1/ FPL Research Paper 122

2/ Schedule changes made on basis of average MC of all sample boards

3/ Schedule changes made on basis of average MC of wettest half of

sample boards

4/ Establish 17% MC accurately with shell and core tests,
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TABLE 3. - KILN SCHEDULE FOR DRYING PRESTEAMED 4/4 NORTHERN RED OAK
PREDRESSED TO 1.0625-INCH THICK 1/

AVERAGE
MC(%)

DRY BULB
TEMP(°F)

WET BULB
TEMP(°F)

EQUILIBRIUM
MC(E)

2/	 GREEN 190 190

3/	 GREEN-55 115 111 17.5

55-50 117 112 16.2

50-45 119 113 15.1

45-40 120 112 13.4

40-35 127 11.5 11.0

4/	 35-30 132 112 8.0

30-25 13( 98 4.3

5/	 25-20 139 89 2.6

20-18 166 116 3.2

18-5 200 140 2.5

Equilize	 5-7 160 135 5.0

Condition	 7-7 160 149 11.0

1/ FPL Research Paper 378

2/ Steam for 3-4 hours to attain 190°, hold at 190° for 2 hours

3/ Schedule changes made on basis of average MC of all sample boards

4/ Schedule changes made on basis of average MC of wettest half of
sample boards

5/ Establish 20% MC accurately with shell and core tests
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Flare 1. DRYING TIMES FOR SYSTEM 6
NORTHERN RED OAK
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