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Past research and industrial sources have implied that preheating

Douglas-fir [Eseudotsuga menziesii (Mirb.) Franco prior to peeling
veneer was economically feasible.

To test this, the effect of treatment temperature on veneer yield
and thickness variation for three diameter classes of low grade Douglas-
fir logs was studied and related to the cost of preheating.

Test results showed that pre-heating No. 3 Douglas-fir Sawmill
logs to a peel temperature range of 50°F to 120°F had no statistical
effect on veneer value, total yield, grade yield, or veneer sheet width
yield of 12, 18, and 24 inch diameter blocks. Block diameter, however
was found to have a highly significant effect on veneer value expressed
as the value of the percentage of the block volume recovered as
marketable green veneer. Eighteen inch diameter blocks had the greatest
total, grade, and full sheet recovery per unit volume of initial block
diameter. Twenty-four inch diameter blocks had the least recovery and
value while the 12 inch blocks were intermediate. Veneer thickness
variation was found to be independent of peel temperature but
significantly influenced by blcck diameter.

The reason for the block diameter-veneer yield and thickness

variation interaction was not investigated but was probably due to a



complex interaction of wood properties at various diameters and the
changing in the lathe setting angles due to the differences between
diameters.

A microprocessor based data acquisition system was built to
record the output of a non-contact infrared temperature sensing
instrument that measured the block temperture profile during peeling.
The variability of temperature found within the blocks suggest the
effects of heating would vary greatly for any one block. The
microprocessor proved to be a valuable research tool that has many
research uses but more importantly, many industrial process control
applications.

The equation describing unsteady state transfer for an infinitely

long cylinder was solved via numerical analysis to theoretically
estimate heating times for veneer blocks. The model may not be
applicable to wood because the assumptions used to solve the problem,
i.e. constant diffusivity and homogenity of the material, are violated

when dealing with wood.
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The Economic Feasibility of Preheating
Douglas-fir Blocks Prior to Peeling

I. INTRODUCTION

Past research and many industrial sources have indicated that pre-

heating Douglas-fir [?seudotsuga menziesii (Mirb.) Fanco{ prior to peel-

ing for veneer is economically viable. The strength and elastic proper-
ties of wood vary inversely with temperature at a given moisture content
(Pashwin and de Zeeuw, 1970), and it is thought that preheating exploits
these properties of wood. It is reasoned that since less force is
necessary to machine the wood surface, a more desirable veneer for the
final end product, plywood, is obtained.

The advantages of preheating Douglas-fir are thought to be
numerous. Grantham and Atherton (1959) and Lutz (1960, 1974) cite some
of the more commonly claimed benefits. The potential advantages of
preheating Douglas-fir peeler blocks are:

1. Preheated blocks give a smoother uniform peel of tighter
veneer,

2. Preheating softens knots which permits peeling with a sharper
knife, reduces the frequency of knife sharpening, and lengthens knife
life.

3. Preheating results in improved yield recovery into volume and
grade. Also, by reducing splits, more four foot and two foot wide

veneer is produced.



g, Preheating gives a higher percentage of higher quality veneer
of more uniform thickness, shallower lathe checks, and decreased surface
roughness.

5. Preheating produces veneer that lies flat for improved scanner
performance on automatic veneer clippers. Also, the veneer handles
easier, resulting in fewer broken sheets for increased wide sheet yield.

6. Preheating softens the wood reducing the torque required for
peeling. Fewer spin-outs and reduced power consumption result.

T. Preheating elevates the temperature of the veneer produced and
sufficient amounts of heat remain to evaporate moisture from the veneer,
allowing shorter drying times. The residual heat also reduces the
amount of energy necessary to heat the veneer to temperatures that drive
off the remaining moisture.

8. Preheating is absolutely necessary to peel frozen Douglas-fir
blocks if satisfactory veneer is to be produced.

A survey of American Plywood Association (APA) member mills con-
ducted for this study reported substantial yield gains for heated versus
unheated Douglas-fir blocks of anywhere from five to 30 percent. Survey
results also revealed a wide range of opinion as to the benefits of pre-
heating from immeasureable to $1.5 million annually. Most respondents
could not identify by what dollar amount the benefits of preheating out-
weighed the costs, however.

Improved veneer quality is often claimed as a result of preheating.
Veneer quality has been defined by Hailey and Hancock (1973) as "techni-
cal term used in describing or evaluating the effect of the peeling pro-

cess on the physical properties, namely, thickness, roughness, and



lathe-check depth, of green veneer sheets." Veneer quality, therefore,
is different than veneer grade, the latter being an evaluation of veneer
based on appearance and physical properties after machining is complete.
Veneer in the same grade could exhibit different veneer quality.

An economic evaluation of the feasibility of preheating Douglas-fir
veneer blocks must follow two principles of engineering economy. First,
only differences among alternatives are relevant in their comparisons.
Second, in comparing alternatives, it is desirable to make all
comparisons commensurable with one another. Consequences (differences)
should be expressed in numbers and the same units should apply to all
the numbers. "In economic discussions, money units are the only units
that meet the forego{pg specifications." (Grant and Ireson, 1970).
Except for veneer thickness variation, it is difficult to assign a mone-
tary value to the differences in peel quality of green veneer. However,
veneer grade differences are measured and assigned a monetary value in

the market place. Yield gains in veneer grade, volume, and sheet width

are claimed as a result of preheating. Since these yield differences can

be assigned money units, it was decided that yield differences between

heated and unheated Douglas-fir blocks could be quantified.

!

Objectives

The study was developed to determine the economic feasibility of
preheating Douglas-fir veneer blocks prior to peeling based on the value
added to the veneer versué the capital investments and operating cost of
the required equipment.

Belief that preheating was economically feasible led to incorporat-



ing two levels of heating in an attempt to find a more optimal peel
temperature. In addition, recognizing that the Douglas-fir peelers
currently available are of a low grade and small diameter, the study was
designed to test for differences in heating benefits between 12, 18, and
24 inch diameter Douglas~fir blocks of a low log grade.

Since differences in peel temperature were to be quantified, a con-
tinuous monitoring system was developed to measure block temperatures at

the lathe. Furthermore, in an attempt to develop better estimates of

" block heating times, a numerical analysis of block heating was

conducted.



II. REVIEW OF THE LITERATURE

Veneer peeling research has been conducted by numerous researchers.
Lutz (1974) and Palka (1974) have made concise, systematic reviews of
information accumulated in the area of veneer peeling. Preheating (pre-
conditioning) of veneer blocks of many species, including Douglas-fir,
is discussed as it influences peel quality and veneer yield. Unfortu-
nately, little research has emphasized economic considerations of pre-

heating Douglas-fir peeler blocks.

Yield Gains as a Result of Preheating

Grantham and Atherton (1959) conducted an extensive study to
quantify the preheating of Douglas-fir peeler blocks and its effects on
mill profitability. Thirty-five Douglas-fir No. 2 Peeler logs and 39
Douglas-fir Special Mill logs were sawn into matched blocks, one of
which was peeled at 140°F and the other was peeled cold. They report
that the major advantage of heating Douglas-fir blocks was an increased
recovery of A-grade veneer. The increased recovery of A-grade veneer
provided the economic justification for preheating high grade Douglas-
fir logs.

Grade recovery data for No. 2 Peelers showed a yield of 60 percent

- A-grade veneer heated versus 48 percent for the unheated blocks. Re-

covery of A-grade veneer was 17 percent and 11 percent from heated and
unheated blocks of Special Mill logs, respectively. Overall, the
matched blocks from No. 2 Peelers, heated and unheated, produced almost

identical yields of 10,020 thousand square feet, net log scale (MNLS)



heated versus 9,960 MNLS unheated. A four percent yield increase was
realized for Special Mill logs when preheated.

Sheet width is important to mill profits as full sheets (4 feet by
8 feet) have a higher value than half sheets (2 feet by 8 feet), random
widths (less than 2 feet by 8 feet nominal) and fishtails (less than 8
feet long). The No. 2 Peelers yielded 25 percent more full sheets of A-
grade when heated. Heated Special Mill log blocks yielded 51 percent
more full sheets of A-grade veneer than unheated blocks. Considering
all grades, No. 2 Peelers yielded 65 percent full sheets heated and 64
percent unheated. Special Mill log blocks yielded 61 percent full
sheets and 53 percent full sheets for heated and unheated blocks,
respectively. The increased gain with respect to production of full
width sheets is in the A-grade veneer for both log grades.

Value added to the veneer as a result of preheating was $5.17 MNLS
for No. 2 Peelers and $13.65 for Special Mill logs (Table 1). For No. 2
Peelers, increased A-grade yield accounted for almost all of veneer
value difference. In fact, the value of veneer in grades B, C, and D
produced by the unheated blocks exceeded that of the heated blocks. For
Special Mill logs, A-grade veneer accounted for most of the value added
to the veneer as a result of preheating. A figure of $0.82 MNLS was
assigned as the cost of preheating, resulting in a net gain of $4.35 and
$12.83 MNLS for preheating No. 2 Peelers and Special logs, respectively
(Molinos (1974) estimated production costs of $1.19 per 1000 square
feet, 3/8-inch basis for preheating sofﬁwood veneer blocks in
California).

Corder and Atherton (1963) report the results of an unpublished



Table 1. Value of Veneer Recovered from No. 2 Peelers and Special Mill
Logs (Grantham and Atherton, 1959).
No. 2 Peelers Special Mill Logs
Grade Unheated Heated Unheated Heated
A $116.52 $143.51 $ 23.19 $ 39.15
B 31.33 17.73 13.05 16.18
c 28.58 26.29 23.45 . 20.04
D 17.16 13.20 68.28 66.86
Other 11.16 9.19 12.10 9.49
Total $204.75 $209.92 $138.07 $151.72




study gave similar increases of A-grade veneer. An increased value of
$6.00 per thousand board feet, net log scale, was found for Douglas-fir
blocks peeled at about 140°F compared to matched blocks peeled at 40°F,

Lutz (1960, 1974), Palka (1974) and Baldwin (1975) cite Grantham and

- Atherton when reporting that heating does pay for Douglas-fir, failing to

“note that the cost advantage of preheating was justified by the

increased recovery of full sheets of A-grade veneer.

Preheating Effects on Peel Quality

Peel quality involves primarily three physical properties of
veneer, viz., thickness, roughness and lathe-check depth (Hailey and
Hancock, 1973). Suitable definitions, standards, and measurement tech-
niques for peel quality have been researched. Myrnuk (1972) pointed out
the existing measurement methods are inadequate as the volume of veneer

to be measured increases.

Veneer Thickness

Veneer thickness has been defined as the depth of wood layer re-
moved during one revolution of the block being peeled. A tolerance
limit for thickness has been suggested as the average veneer thickness
peeled within a given block section plus or minus 0.008 inch. This
standard was found to Be obtainable in mill situations (Hailey and
Hancock, 1973; Hancock, 19?7).

Block temperature at the time of peeling has been found to have
little effect on veneer thickness variation when peeling Douglas-fir

veneer. Grantham and Atherton (1959) found no difference in thickness



variation as as result of peeling heated blocks. This conclusion was
supported by Corder and Atherton (1963). They reported greatest thick-
ness variation at 200°F and least at 120°F. Although the thickness
standard and tolerance limit had not been developed, their measurements
conformed to the definition. Lutz (1967) found no heating effect on
veneer thickness in southern pine.

While peel temperature has been found to have no effect on veneer
thickness variation, lathe settings have been found to have significant
impact on veneer thickness variation. Palka (1974) and Lutz (1974)
should be referenced for detailed discussions of lathe variables

important to control green veneer thickness.

Veneer Roughness

Veneer roughness is the depth of which wood is removed during the
peeling process below the theoretical plane surface of the veneer.
Experience showed that a veneer with a depth of roughness greater than
0.020 inch was substandard (Hailey and Hancock, 1973). The measurement
methods for veneer roughness, however, have not been successful at mill
production speeds and conditions. Peters and Mergen (1971) reviewed
various roughness measurement systems and concluded a direct displace-
ment transducer offers the most promise. A distinct disadvantage of this
approach is that contact with the wood is necessary. George and Miller
(1970) have developed a roughness detector for moving veneer consisting
of light source, a baffle riding close to the veneer surface, and a
light sensor. Experiments showed that the equipment worked well, i.e.

sensed differences in veneer roughness. Recent advances in computer
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capabilities for‘declining prices suggests this sensor could function at
mill production levels and speed.

Corder and Atherton (1963) found temperature only had a slight
effect on roughness of veneer peeled from Douglas-fir heartwood.

Sapwood veneer gave higher roughness at high temperatures. They con-
cluded that veneer roughness was not improved by heating the blocks
before peeling. Grantham and Atherton (1959) report the degrade for
roughness was only in the A-grade veneer of No. 2 Peelers. Practically
no degrade for roughness was observed for either hot or cold blocks for
Special Mill logs. Palka (1974) also states that seneer roughness seems
hardly affected by heat treatment.

Gluing difficulties are said to occur duz to rough veneer (Lutz,
1974). Tests at the Forest Products Laboratory (Lutz, 1960) have sh&wn
that loose, 3/16 inch Douglas-fir veneer cut from bolts at room tempera-
ture and with poor lathe settings is difficult to glue with cold setting
adhesives. Veneer from heated bolts did not experience this problem.

No analysis was offered in the report as to whether it was more econ-
dmicaliy sound to adjust lathe settings or to heat the bolts to achieve
reduction of the observed gluing difficulties. In a sample of veneers
peeled under mill conditions, Bryant and Hoerber (1967) report that
veneer roughness of a magnitude produced in an actual mill did not in-
fluence glue spreads or glue spread variation.

Southern pine peeling experiments (Lutz, 1967) showed that veneer
roughness was not significantly affected when cutting clear wood at

various temperatures.
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Lathe Check Depth

Lathe-check depth is the average depth of penetration of the frac-
tures on the loose side of a veneer sheet, which result from the bending
action of the veneer sheet, expressed as a percentage of veneer thick-
ness (Hailey and Hancock, 1973). The tolerance limit for lathe-check
depth is set as a percentage of the average veneer thickness minus a

sanding allowance of 0.030 inch. Symbolically,

LCD (4) = Ih = 0.030 inch

= ™H x 100
where
LCD (%) = lathe-check depth tolerance limit expressed as a
percentage of average veneer thickness
Th = average veneer thickness

The tolerance limits for roughness and lathe-check depth were set
by the Western Forest Products Laboratory of Vancouver, British Columbia
and were reported by Hailey and Hancock (1973). It should be noted that
the tolerance limit is not associated with degree of flexibility for
optimal handling properties, but rather the limit is applied to sanded-
panel production.

A temperature effect on lathe-check depth was found by Lutz (1960)
and Corder and Atherton (1963). Lutz found that checks extended through
80 percent of the thickness of 1/10 inch veneer cut from unheated
Douglas-fir blocks. Only 40 percent of veneer thickness was penetrated
by lathe-checks from blocks cut to 160°F. Corder and Atherton (1963)
found in general that depth of lathe-checks in veneer decreased as peel-
ing temperatures increased. Also noted was that heartwood veneer from

fine grained logs was decidedly tighter when peeled with increased nose-
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bar pressure was necessary to produce tight veneer from cold peeled

blocks.

Other Considerations

Tensile strength across the grain is related inversely to depth of
lathe checks. Checks reduce the area of unfailed wood in sections para-
llel to the grain (Corder and Atherton, 1963). Tensile strength perpen-
dicular to the grain was found to be higher for veneer peeled at 140°F
and light nosebar pressure than for veneer peeled at room temperature
with heavy pressure on the nosebar, although the lathe-check depth was
greater with light pressure.

Bending strength parallel to the grain was found not to be affected
by depth of lathe-check (Corder and Atherton, 1963). They found that an
increase in strength may result in veneer peeled from heated blocks.

Spin outs were shown to generally decrease as temperature increased
for basswood to be cut into 1/4-inch veneer (Lutz and Patzer, 1976).
Faser (1975) reported a spin out decrease from seven to three percent by
using longer heating times for blocks in a Swedish plywood plant. Lutz
and Patzer (1976) further report that knife angle, pressure bar setting
and cutting velocity effect torque (a torque greater than the block
strength would cause a spin out) required to peel veneer. For example,
the torque required to cut 1/4 inch basswood at room temperature could
be varied by 2 to 1 depending on the knife and pressure bar setting.

The reduction in torque when basswood was heated was of the same
percentage (40 percent) as the decrease in torque the block could

withstand due to increased temperature. No discussion as to the
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incremental cost ofchanging lathe settings versus cost of preheating was
presented.

Grantham and Atherton (1959) also report that potential savings in
drying time to lower moisture content of the sapwood (147 and 160 per-
cent for heated and unheated blocks, respectively) may be offset by the
“higher moisture content (35 and 32 percent, heated and unheated, re-
spectively) of the heartwood when it is considered that the volume of
heartwood veneer dried on a fast schedule could be twice that volume
dried on a slow schedule. They concluded that a conclusive statement
relating block temperature at the time of peeling and drying times could
not be made.

Peeling of Frozen Logs

Lutz (1974) states that it is impossible to cut veneer from frozen
logs. Furthermore, he adds that the mill without heating facilties
would be forced to shut down if the logs do freeze. He cites no studies

when making these statements.

Heating of Blocks

If it is assumed that preheating of Douglas-fir blocks is justi-
fied, the equipment and procedures to heat blocks adequately to uniform
temperatures must be specified. Various authors have examined the

problem and some points of agreement and disagreement have been reached.

Theoretical Considerations

In the 1930s Maclean initiated research into the heat conduction of
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wood (1930, 1932). He approached the heating of logs theoretically to
reduce the amount of testing necessary to estimate log heating para-
meters. The model MacLean analyzed is solved in this paper under the
-section "Block Heating Simulation." The discussion presented there ad-
dresses the effect of log diameter and final desired temperature on
heating times and temperature variation along the log diameter.

Heating schedules for most commercial species, including Douglas-
fir, have been determined (Fleisher, 1959; Feihl, 1972; Feihl and Godin,
1975; Lutz, 1978). Lutz (1974) gives examples of heating times as a
function of block diameter.

Controversy exists as to the effect of heating medium (MacLean,
1952; Feihl, 1972; Briggs; 1975) on heating times. Lu*z (1974) notes
that block diameter, initial block temperature and temperature of thé
heating medium may affect heating times sufficiently to allow the con-
troversial factors to be disregarded when making practical considera-
tions.

Steinhagen (1977) reviewed the literature concerning the thermal
conductive properties of wood, green or dry, from -40°C to +100°C in
connection with a study on heat transfer in frozen logs. Arithmetic
means for specific heat, thermal conductivity and thermal diffusivity
from the various data sources were computed. No strong conclusion was
reached and Steinhagen's final report is unpublished at this time al-
though he has presented some new information on heating frozen hardwood
logs (1977).

Feihl and Godin (1975) have reviewed heating of frozen and non-

frozen lots for a number of commercial species. Their report presents a
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complete discussion of the practical aspects of block heating and should

be referenced for more complete information.

Block Heating Systems

The two principle types of heating systems are vats and chests.
There are three types of vats: water vats for submerged logs, covered
vats for floating logs, and uncovered vats for floating logs. The three
types of chests are steam chests where the steam is injected live into
the chest, steam chests where steam is generated by heating water on the
chest floor, and steam chests with hot water spray. In the latter
system the steam is generated from water on the chest floor. The vat
and chest systemé are a classification made by Feihl and Godin (1975).
The following description of each system is drawn from their report.

The water vat for submerged logs is a batch operation where logs
are placed in an empty vat, weighted down, and immersed in water. If
the water is kept circulating, vat temperature can be accurately con-
trolled and logs evenly heated. A heat exchanger to heat vat water
would allow a closed system if the vat water was re-used in another vat.
The major disadvantages of this sytem are safety of operation, vat water
must be drained to remove logs, and fresh logs may develop end splits if
initial vat water is too hot.

The covered vat for floating logs 1s a continuous operation in
which the logs are dumped into one end of a covered tank and conveyed by
chains to the other end. The vat length is typically greater than 150
feet depending on the heating capacity required. If several vats are

side by side, segregation by log diameter is possible for more efficient
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heating. This type of system is suitable only for floating logs; the
hot water presents a séfety hazard; the portion of the log not submerged
may not heat and diameter sorting requires planning.

The uncovered vat for floating logs is basically the same as the
one just described only the tank is not covered. Much more heat is lost
to the surroundings with this system.

The steam chest is a chamber in which logs are piled and then a hot
saturated atmosphere is created in the chamber. The atmosphere is
obtained by a direct injection of steam or by boiling water in a trough
on the chest floor. Sometimes a circulating water system sprays hot
water over the logs. This hot water is either steam condensate in a
steam injection system or from the trough containing hot water., The
advantages of the chests are less worker danger than hot water vats and
easier material handling in and out of the vat. The water trough system
presents little disposal problems as only small amounts of steam
condensate is produced. Disadvantages are batch operation and the water
trough chésts sometimes experience poor heating medium ecirculation.

Given a well-maintained chest or a total immersion vat system with
good circulation of the heating medium, heating times are reported tc be
equal, It is suggested that since the blocks are not totally surrounded
by the heating medium, floating blocks may require more time to heat.
The heating time difference (over 40 percent for some combinations of
log diameter, initial log temperature, and heating medium temperature)
is not a function of the heat transfer potential of the medium (water
versus steam) but rather the area of the block exposed to the heating

medium. Feihl and Godin (1975) present suggested heating times for each
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type of heating system.
All heating systems outlined face environmental laws that do not
allow process water to be discharged into rivers and lakes. This must

be considered in the heating system design.

Temperature Sensing at the Lathe

For this study, more detailed information about the block tempera-
ture along the radius was desired. The experiment was to test for
veneer differences at various temperatures at the time of peeling. A
measurement system that could continuously monitor block temperature was
developed to measure temperature differences during peeling.

Infrared instruments can measure surface temperature without con-
tacting the material by sensing the electromagnetic radiation emitting
from that material. By sensing the radiation of a wavelength between
0.& and 100 x 10_6 meters (thermal radiation region), the infrared
instrument can determine the surface temperature of a substance (Welty

et al., 1976).

Theory of Operation

The infrared instrument senses very low radiant energy emissions.
The energy emitted by a material (wood) is over a broad spectral range
with the peak intensity shifting toward the high end of the near
infrared spectrum (0.1 to 100 x 10-6 meters) as the absolute (-273°C is
absolute zero) temperature of the body decreases. To sense the lower
temperatures, an infrared instrument must filter wavelengths of the 5 to
15 x 1070 meter range. In this range of wavelengths, 300°K (27°C or

80°F) is the temperature that causes a material to emit maximum energy.
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A selective filter from 8 to 14 x 10-6 meters is required to decrease

interference from the atmosphere and visible light sources (overhead
lighting). A‘more complete discussion of radiant energy emission is
given by Welty et al. (1976).

Emissivity is defined as the ratio of the total emissive power
(total rate of thermal radiation emitted in all directions and wave-
lengths) of a surface to the total emissive power of an ideally
radiating surface (black body) at the same temperature (Welty et al.,
1976). A black body neither reflects nor emits thermal radiation. The
black body would absorb all wavelengths including visible light. Its
emissivity is one.

Emissivity is a surface property of a material and the amount of
energy that is radiated from a material at a particular temperature is
determined by the emissivity. An emissivity correcting factor on an
infrared temperature sensing device allows compensation for varying sur-
face properties of materials. Shiny metals, which reflect light and
thermal radiation, deviate greatly from a black body, so a low emis-
sivity would be expected. Smooth polished copper has an emissivity of
0.2, aluminum 0,05, stainless steel 0.10. Organic materials such as
wool, cotton, flesh, rubber, and tar have an emissivity of about 1 (very

little thermal radiation is reflected).

Application to Wood

Infrared measurement of the temperature of wood has been reported
by Englund et al. (1970), Dokken et al. (1973), and Molinos (1974).
Englund et al. found the emissivity of ponderosa pine to be very close
to 0.90 for a temperature range of 110°F to 201°F and moisture contents

of two to 200 percent. They concluded that the infrared sensor exhibits



a degree of precision adequate for many wood industry applications.
Dokken et al. (1973) measured the temperature of peeler blocks on the
lathe by infrared sensing. They found that the temperature loss from a
biock from the time it was removed from the heating medium to when peel-
ing was initiated was much greater than expected. Blocks were found to
be approximately room temperature at the surface. Maximum temperature
was reached as the block was peeled. Temperature decreases to the core
were noted for large diameter blocks. They concluded the sensor was
satisfactory for mill conditions. Molinos (1974) did not give tempera-
ture profiles because his data recording and system set-up prevented

reproducable measurements.
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III. INDUSTRIAL SURVEY

Introduction

A questionnaire was prepared to collect information concerning the
practices of block preheating in the plywood industry. Responses were
desired from mills that peeled softwoods regardless of their block heat-
ing practices. Differences in mill operations could then be quantified.
The differences would assist in the experimental design and provide
inputs necessary for the economic analysis. With the cooperation of the
American Plywood Association (APA), questionnaires were sent to member

mills. The questionnaire appears in Appendix C.

Results

The results of the questionnaire were disappointing because too
many of the respondents failed to quantify their answers. Few mills
that did not heat softwoods prior to peeling responded so the differ-
ences in operating costs between heated and unheated mills could not be
measured. The failure of the questionnaire to obtain the desired quant-
ified answers was most probably due to poor questionnaire design. A
telephone survey of the respondents might have been more successful in
obtaining quantified answers.

Of the 21 mills that preheated, five used continuous hot water
vats, 17 used steam chests, and one plant had both systems. Eight of
the steam chests had a water spray while nine injected steam only.

Most respondents acknowledged the benefits of preheating given in
the introduction. Improved veneer yields were cited by many mills (57

percent). The yield increases, however, fluctuated from five percent to
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30 percent. The frequency and discrepancy between claims of veneer
recovery increases as a result of preheating identified yield gains as
an area of study.

The desired peel temperature for Douglas-fir ranged from 100° to
145°F. Lutz (1978) reports a desirable peel range of 60° to 140° for
Douglas-fir. Table 2 reveals that the responses to actual block temper-
ature at the lathe are subject to a wide range of opinion. The unclear
response provided insight to develop the continuous block temperature
monitoring system capable of controlling block heating if veneer
recovery data and additional analysis proved the benefits of preheating.

Of the mills responding, 71 percent sorted peeler blocks prior to
heating. The majority of those who sorted (52 percent) sorted by
species. Classification by log diameter and grade were carried out by
43 percent and 29 percent of the mills that sorted, respectively.

It is difficult to draw conclusions about the heating cycles for
each sorted class because the block diameter and initial block tempera-
ture were frequently not stated when giving heating times for the bolts.
Charts used to calculate approximate heating times (MacLean, 1952;
Fleisher, 1959; Feihl and Godin, 1975) are a function of block diameter
and initial block temperature. The questions in this area should have
been more specific to provide the desired information about heating
practices.

The most useful information from the questionnaire was in providing
cost estimates of yearly operating expenses of the vats. Parts of these

data were incorporated into the economic analysis presented later. Pre-



Table 2. Results of Block Temperature Questions:

All Species.

22

Temperature, OF

Location Low High Mean Std.
Desired at Core 100 140 111 14
Actual:

Lathe ambient 160 114 37
Round-Up ambient 140 121 27
Core ambient 140 112 14
Heating Medium 137 260 186 37
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sentation of the responses, however, would create an unclear picture
because of the different number of vats and/or chests used at each mill,
and the accounting units differences among questionnaires make compari-
sons difficult. The questionniare should have asked for cost figures
expressed in constant units.

To comply with future environmental regulations concerning dis-
charge of heating water into rivers and lakes, mills that preheated were
either constructing closed loop systems that recycled all water or, in a
few cases, treating the heating water prior to discharge.

Improvements to existing heating systems desired by mill personnel
included better medium circulation, reduced steam consumption, easier
material handling, increased capacity, and conversion to a closed system

to comply with discharge regulations.
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IV. BLOCK HEATING SIMULATION

A knowledge of heating times necessary to obtain desired block
temperatures prior to peeling for veneer led to an attempt to solve
numerically a mathematical model that described heating rates for blocks
and provided the resultant temperature distribution. Since the wood
blocks are somewhat cylindrical and heating rates are desired, the
partial differential equation for unsteady state heat flow for a

cylinder seemed to be an appropriate model.

Model Description

Mathematical Model Formulation

For a homogeneous, isotropic material, the governing equation for

unsteady state heat flow, in Cartesian coordinates, is

%%:‘.u‘:sz§+ 62§+ 622} (1)
8x 8y Sz
where

T = temperature

A = diffusivity

t = time

Transformed into cylindrical coordinates

5T
5t tTs t

‘ 62T 162T 162T 62T
= q 5 5 + 5 (2)
_6r rdr r &6 8z

where

r
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The blocks are approximately eight feet long and no more than three
feet in diameter. Theoretically, end effects can be ignored when the
length of the cylinder is greater than 2 1/2 times the diameter.

Equation 2 then reduces to

2
8T u{:Q—T+E—t1 (3)

EE'= 6r2 rér_

where

r = radius of the cylinder

This says that the temperature at any point in a transverse plane de-
pends on the distance, r, of the point from the driving temperature dif-

ference.

State Equations

If a system of nodes is established along the radius of a cylinder,

Fat O - o © O

center 1 2..., NR—Z NR—l NR

and assume,

8T

Sr =0

r=0

the following system of equations will approximate equation 3 via a

central difference scheme

dt :
1 o] -4- 4. ]

— — T + - (48)

dt — , 2{ 3 17302

dTi a (2i-1)T 2T (2i+1)T

it 2 21 l- iAot (4)

i=2, 3, , NR—Z
dt, 4 2N -3 TNR_l ) 2TNR_1 . -1 T o
dt ~ 42 {2(N-D) 2(N-1) ¢

i = NR—l
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with the temperature at the center being defined via the rule

y 1
To=3T,-3T,

The initial temperature field condition is

Ti(O) = Tin’ i=0,12, ..., NR-'\ (4d)
and
TN (0) = Tout
R
where
?i = approximation of the temperature at node i,
i=0,12, ..., NR-1, NR
Tin = initial temperature
T = medium temperature
out
AQAr = distance between nodes.

It can be shown for an explicit computing (marching) scheme the stab-

ility ¢ondition is that

0 < At < Ar2/2u
wheredt = the time between approximations of the temperature.
A fourth order Runge-Kutha (RK-III) method was applied to solve the

system of equations.

Program Description

The program to solve the system of equations was written in a
Structured programming language named FLECS. The language is an ex-
tension of FORTRAN IV. The program is self documenting. A listing can

be found in Appendix D.
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Inputs to the program establish values for the block, temperature,
and run conditioﬁs. Tﬁe block parameters are block radius and thermal
diffusivity. The initial block temperature, the heating medium tempera-
ture, and final block temperature at a selected depth are required. Run
conditions include the magnitude of the time step between approxima-
tions, the distance between nodes, and a time limit at which to termi-
nate the run if the desired block termperature has not been reached.
Also, a frequency of output for both the line printer and card punch méy
be given.

Program output consists of a summary of the input parameters, the
final block conditions, and the total heating time. A table of block
temperatures at each node at a given time is also produced. An example
of the output is given in Appendix D. A data file can be punch coded
ahd then read via a card reader into a Hewlett-Packard 9825 calculator.

The calculator and a plotter then can generate plots of the temperature

profile of blocks. The figures in this chapter were made in this manner.
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Results and Discussion of Model Runs

Computational Experience

The program was run for numerous combinations of block, temper=-
ature, and run states., Aside from large values of the time step
(greater than 3600 seconds) causing instabilty, the model appeared to be
well behaved. As seen in Figures 1a and 1b, the rule that defined the
temperature at the center, equation 4d, caused temperature values at the
center to be below the initial block temperature. The error was never
more than 1°F and did not continue beyond 10 to 15 iterations when the
time step was 300 seconds. This error was not thought to be signifi-
cant.

Case Study Runs

Blocks of radii three (Figures 1a and 1b), six (Figures 2a and 2b),
nine (Figures 3a and 3b), and twelve inches (Figures 4a and 4b) were
heated in a medium at 180°F. The initial block temperature was 70°F and
the desired final temperature two inches from the center was 120°F for
Figures 1a, 2a, 3a, and 4a. Figures 1b, 2b, 3b, and U4b represent temp-
erature profiles when the final desired temperature was 140°F. In each
case, the time step was 300 seconds and one inch was the distance
between the nodes. The thermal diffusivity was 0.000271 square inches
per second as suggested by MacLean (1940) for green timbers. It was
assumed that the outside of the block reached equilibrium with the

medium instantaneously.
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Figure 5 represents a temperature profile over time obtained when a
six inch radius block was cooled from temperatures attained from heating
a block to 120°F two inches from the center. The run was terminated
when a point two inches from the center was 100°F. All other input par-

ameters were held constant.

Discussion of Runs

Varying block radius and final designated temperature caused signi-
ficant changes in the time necessary to obtain desired results. In-
creasing block radius, with a constant final desired temperature, caused
an increase in the time necessary to reach that desired temperature
(Figures 1a, 2a, 3a, 4a, and Figures 1b, 2b, 3b, 4b). For instance, to
reach 100°F at the center of the block it required one hour for a three
inch radius block, five hours for a six inch radius block, 11 hours for
a nine inch radius block, and over 20 hours for a 12 inch radius block.
This is an increase of time by a factor of seven for an increase in
block radius of four times. This observation suggests that block segre-
gation prior to heating would result in a more uniform temperature dis-
tribution between blocks for a given heating time and production cycle.

Within a block, the temperature at the nodes closest to the log
surface quickly approach the temperature of the heating medium. As time
increases, the rate of temperature increase decreases due to the smaller
driving temperature gradient. Figures 4a and 4b at points 8 to 12
inches of radius illustrate this phenomenon.

A higher desired final temperature at a specified depth (Figures 1a

and 1b, 2a and 2b, 3a and 3b, 4a and U4b) caused a greater percentage
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increase in heating time than the corresponding percentage incregse in
desired temperature. A greater heating time of about 40 percent
resulted from a 17 percent increase in final desired temperature for all
block sizes. The increased heating times would result in fewer blocks
heated per unit of production time in an industrial environment. The
incremental benefits of peeling at higher temperatures would have to be
determined by a mill to give grounds for heating to those higher
temperatures.

A temperature profile of a cooling block is depicted in Figure 5.
The initial block temperature was generated by the program for a six
inch radius block with a desired final temperature of 120°F two inches
from the center. The outside of the block was assumed to reach the
medium temperature in the block interior continues to rise for some
2 1/2 hours. This is due to the initial temperature of the block being
higher for the exterior than the interior. Eventually, as the time in-
creases, the temperature over the entire block radius decreases. The
temperature drop is substantial for the outside half of the block. This
region represents the location of the higher quality wood material. If
the benefits achieved by heating are dependent on the temperature of the
block at the time of peeling, most benefits would be lost when the time
‘delay between the end of heating and the initiation of peeling is suffi-
ciently large. The magnitude at which the time delay becomes critiecal

is not apparent from the figure.

Model vs. MacLean

Table 3 provides theoretical heating values derived utilizing the
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graphical methods presented by MacLean (1952) and theoretical heating
values generated by the computer model. Calcuations are presented for
12, 18, and 24 inch blocks heated under the following conditions:

1) heating medium was steam at 180°F;

5)  1initial block temperature was T0°F;

3) thermal diffusivity was 0.000271 inches squared per second.

Examination of the block temperatures at a given time and point
shows the block temperatures generated by each theoretical method are
within 8°F or less. It should be noted that Table 3 is not an attempt
to validate the model developed in this chapter. Rather, Table 3 merely
illustrates that MacLean's graphical solution and the numerical approxi-
mation scheme employed by the computer arrive at nearly identical re-
sults. The similarity in results should not be surprising given both
MacLean's graphical solution and the numerical approximation scheme

solve the same governing equation under the same assumptions.

Applicability of the Model to Wood

When applying equation 1, its subsequent reductions, and the system
of state equations (U4) to unsteady state heat transfer in a material,
two assumptions are necessary. First, the material is assumed to be
homogeneous. Secondly, the material must be isotropic. Also to neglect
heat transfer from the block (cylinder) ends, this heat flow must be

negligible.

Homogeneity

A homogeneous material has a uniform structure. Wood possesses a

 nonuniform structure on the macroscopic and microscopic levels. Some of




Table 3. Theoretical Heating Temperatures:

Starting Temperature: TOOF
Heating Medium Temperature:

Diffusivity:

1800F

41

MacLean (1952) vs Baskin

0.000271 in®/second

Heating Medium: Steam
12 Inch Block
Distance From Surface
6 inches 6 inches

Time MacLean Baskin MacLean Baskin

1 hr. 780F 730F T70°F 70°F

2 90 88 72 70

3 104 98 76 Th

5 126 122 90 87

10 158 150 148 138
18 Inch Diameter

Distance From Surface
9 inches 9 inches 9 inches

Time MacLean Baskin MacLean Baskin MacLean Baskin

2 hrs. g30F 86°F T10F T20F 700F T20F
5 119 113 84 77 Th 73
10 138 130 104 102 g4 92
15 152 145 128 120 125 122
20 160 157 144 138 138 130




Table 3.

Theoretical Heating Temperatures:
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MacLean {1952) vs Baskin

24 Inch Diameter Block

Time

5 hrs.
10
20
30
4o

Time

5 hrs.
10
20
30
40

Distance From Surface

12 inches.
MacLean

1140F
135
154
162
168

12 inches
MacLean

TOOF

78
110
132
146

12 inches

Baskin MacLean
1100F 800F
132 98
148 128
158 145
162 156

12 inches

Baskin Maclean
T00F 700F
77 76
103 104
127 130

143 144

Baskin

TTOF

93
122
140
152

Baskin

TOCF

75

97
121
140
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the macroscopic interfaces in wood are the earlywood-latewood, and the
sapwood-heartwood~juvenile wood transitions. Cell types, cell wall
layers, the cell lumen, and the cell structure itself are some other
macroscopic discontinuities. In general, wood is microscopically com-
posed of chemicals that are not uniform in size, structure or distri-
bution. For example, Douglas-fir is composed of 67 percent holocel-
lulose, 27 percent lignin and 6 percent secondary material (tannins,
oils, resins, gums and ash). (Pashin and deZeeuw, 1970). In equation
1, there are no terms which account for the differences in heat transfer

that would occur when dissimilar materials are involved.

Anisotropic Nature of Wood

The second assumption needed to state the equations is that the
material be isotropic, i.e., equal properties in all directions. This
assumption allows the diffusivity to be independent of the direction of
heat flow. Wood is an anisotropic material. The rate of heat flow
would not be expected to be independent of direction.

Diffusivity is defined as the change of temperature in a unit of
volume of substance by the amount of heat that flows through a unit area
of unit thickness and having a unit difference of temperature between

the faces. Symbolically
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‘ o(:é‘_ﬁ (5)
where
oL = diffusivity
K = thermal conductivity
c = specific heat

density.

P

The effect of flow direction on the diffusivity of wood was ad-
dressed by MacLean (1930, 1932). He recognized that wood was not an
isotropic material when solving equation 1 to obtain heating times for
wood. Inserting terms for the radial and tangential diffusivity into
equation 1, MacLean experimentally determined values for radial and tan-
gential diffusivity for the species studied. Heating times for wood
were calculated using an overall transverse diffusivity of 0.000271
square inches per second. Fleischer (1959) relies quite heavily on
MacLean's work when he recommends heating times for logs, bolts, and
flitches to be cut into veneer. Their studies conclude that the dif-
ference between the radial and tangential diffusivity is small and an

overall transverse diffusivity yields reasonable results.

Temperature Effect on Diffusivity

To expect a varying diffusivity with temperature, one or more com-
ponents of diffusivity would have to change with temperature. From the
symbolic relationship, equation 5, it can be seen that diffusivity is
directly proportional to the thermal conductivity and inversely propor-
tional to the specific heat of the material. Ward and Skaar (1963)

report that there is an increase with temperature of both specific heat
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and thermal conductivity of wood based material in accordance with the
results based on heat theory for crystalline organic solids. For model-
ing unsteady state heat flow, where time to reach a certain temperature
is the desired result, assumption of constant diffusivity with tempera-

ture may not be correct.
End Effects

To reduce equation 1 to the form used for the state equations, the
end heating effects are ignored. MacLean (1952) reported that the long-
itudinal diffusivity of wood is 2 1/2 times the transverse diffusivity.
Heat transfer along the length of the block would be expected to be more
than twice the rate of that along the radius. Assuming an infinitely

long cylinder to model a wood block may not be correct
Conclusions

The model for unsteady state heat transfer for a cylinder may not
be an appropriate model for wood when constrained by constant diffusi-
vity and homogeneity. The diffusivity of wood is reported not to be
constant over temperature or direction of flow. Wood is a heterogeneous
material with complex chemical structure that prevents continuous flow
paths. The simplifications of the problem allowed the equation to be
solved. The results obtained were not wholly unreasonable but to
develop more precise heating times for blocks, a more realistic model
may be necessary. To derive an accurate dynamic mathematical model of
heat transfer in wood, it may be necessary to consider changing diffus-

ivity and discontinuities.




In Chapter 6, Table 7 presents actual block temperatures obtained
during heating and theoretical block temperatures as derived by MacLean

(1952).
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V. DATA ACQUISITION SYSTEM

Background

It was thought that block temperature at the time of peeling could
be a critical factor that greatly influenced veneer yield and peel qual-
ity. If studies were to be made on yield and peel quality involving
various peeling temperatures, an accurate, reproducable measurement
system would be needed to monitor block temperature. Also, if temper-
ature at time of peeling did prove to be important, an automatic moni-
toring and control system of block temperatures could be of great value
to the industry.

Utilizing a non-contact temperature sensing device and a micropro-
cessor as a controller, the author developed a continuous block temper-

ature monitoring system for use at the lathe.

System Description

The block temperature monitoring system consisted of a broad band,
low temperature non-contact sensing device (infrared), a potentiometer,
two analog-to-digital (A/D) converters, an INTEﬁE>SDK-80 single board

microcomputer, and a Hewlett-Packard 98254 desk-top calculator.

Temperature Sensing Device

The non-contact optical temperature sensing head was manufactured
by thé E2 Thermodot Company, of Carpenteria, California. The model
number is Nova Model TD-22. The Nova is a broadband, low temperature,
large field of view instrument. Temperature range for the instrument is

32 to NOOOF, calibrated to +2°F from 85 to 160°F and iMOF over the
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entire range. The target size (field of view) is defined by the

formula:

Distance

Diameter of target = 15

The spectral range of the instrument is 8 to 14 microns, which reduces
atmospheric and steam vapor effects on the temperature sensed from the
desired target.

The sensing head controller is housed in a rack mount cabinet in
which the operating controls and digital readout of temperature are
located. A O to 10 volt output linear with temperature is available on
a terminal strip located at the rear of the controller. Complete speci-
fications can be found in Table 4. The factory-supplied calibration

information is given in Figure 6.

Lathe-Knife Position Sensor

A ten~-turn bushing mount potentiometer was used to monitor lathe-
knife position. Positioned in a cam-controller for the lathe, the
potentiometer produced a voltage output linear with knife position. The
linearity was 0.20 percent. Together with the temperature sensing head,
the potentiometer output provided a temperature at a known depth of peel

as well as block diameter after round-up and core size.

Analog-to-Digital Conversion

An analog-to-digital (A/D) converter accepts an analog input (cont-
inuous electrical signal, eg. voltage) and transforms that input to dis-
crete digital form. The digital output of the A/D converter can then be

input to a computer, digital controller, or digital data logger.
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Table 4. Infrared Temperature Sensor Specificationms.

Temperature range
Three digit panel meter readout
Recorder output
Response time (to 99%)
Accuracy

Sensitivity
Repeatability

Spectral range
Emittance

Target distance
Target size

Power requirements

32 to 400°F

0-10 V

0.5 sec

+2°F between 85 and 160°F
+4°F between 32 and 400°F

£.2% full scale

+0.5% full scale range, long term
8=-14 u

0.1 to 1.0

8" to infinity

distance/15 beyond 15"

115 V, 60 Hz, 7 watts
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The temperature of the block at a point as indicated by the analog
(voltage) levels of the temperature sensing head and the knife-position
potentiometer, was fed to the A/D converter and then into the micro-
computer for further processing.

The A/D converter was designed, built and tested by the author,

Calibration tests of the system showed accuracy and linearity of the

sensing devices was not impaired by the converters. Figures 7 and 8

show calibration curves over the converters' range.

Microcomputer

The INTEdE)SDK-8O single board microcomputer is an inexpensive
(less than $750) computer capable of process monitoring, control, and
data logging if configured and programmed appropriately.

The microcomputer's roles in the system were to control the rate
and duration of data collection, store data from the A/D converters, and
transmit the data to the Hewlett-Packard.

Sensing a signal corresponding to the lathe's "cap" closing, the
microcomputer collected the temperature-~-distance data five times per
second until core kickout was detected. For a 12 inch, 18 inch, and 24
inch diameter block, approximately 100, 166 and 220 data sets, respec-

tively, were collected per block.

Hewlett-Packard 98254

The Hewlett-Packard (HP) 9825A desktop calculator is actually a
small computer with a high level language, advanced input/output capa-
bilities, and a magnetic tape storage system. All of these features

were exploited when interfacing the SDK-80 microcomputer.
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The HP was programmed to accept data from the microcomptuer, per-
form manipulations on the data, and then at the end of peel, store the
data for that block on tape. A new collection cycle was initiated after
storage to maintain data integrity.

The HP also served as a controller for the microcomputer. The
microcomputer programs for data acquisition, program editing
capabilities, and system calibration programs were stored on magnetic
tape. Capabilities were also developed so the HP could transfer the
stored data to a larger computer where computations beyond the range of

the microcomputer or HP could be carried out.
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VI. VENEER RECOVERY STUDY

The objective of the veneer recovery study was to quantify the
volume, grade, and veneer item (sheet width) recovery from low grade
second growth Douglas~fir blocks peeled heated and unheated. Three
diameter groupings of 12, 18, and 24 inches were chosen. There were

three treatment temperatures of 140°F and 120°F at the core and ambient

temperature.

Experimental Design

Veneer Yield

The quantative difference between treatments and diameters were to
be measured veneer volume per cubic foot of block volume for total,
grade, and sheet type recovery.

The three treatments and three diameters resulted in a 3 x 3 design
matrix. In each of the nine matrix cells three blocks were peeled to
provide an estimate of the mean for that cell for each recovery vari-
able. Realizing that both the wood and industrial processes are vari-
able, a replication of the 3 x 3 matrix was performed on three succes-
sive days. On any one day 27 blocks were peeled; 81 blocks were peeled
overall,

The ANOVA table and associated degrees of freedom are presented in
Table 5. Via an F-statistie, differences between the main sources

(treatment and diameter) and interactions (treatement * diameter) were

tested for significance.



Table 5. ANOVA Table for Analysis of Veneer Recovery Study
(Kempthorne, 1952).

Source at Sum of Squares
Replication 5 5
(Days) R r-1 Z Ye, - Y
i.. .
1 ts rts
| 2 2
‘ Treatments T t-1 ZY . Y
J. ..
J rs rts
Error (a) (r-1) (£~1) 2 Y2. . 2 v2 2
- lJ-‘Z_-’-»B'--- -Z .j.+y...
1] s 1 ts ) rs rts
. 2 2
Diameter S s-1 ZY Lk - Y7
k rt rts
Diameter * ,
Treatment (t-1) (s-1) v2 2 v2 Y
2: ..k —ZE: .J. -E: ..k o+ .o
jk r 3 rs k rt rts
Error (b) (r-1)t(s-1) By subtraction
Total rts-1 Z' v? - ¥?
Jijk
ijk rts
where:

replicate number= i = 1,2, ..., r
treatment number= 3 = 1,2, ..., t
diameter number= k = 1,2, ..., s

mean value =Y

B
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Veneer Thickness

Of the three veneer quality standards set forth by Hailey and
Hancock (1973), veneer thickness was deemed the only component of veneer
quality that could be measured in quantitative terms relating directly
to economic units. If peel tolerances can be controlled to save one
thousandth of an inch of veneer, a savings of at least $25,000 annually
can be realized (Hancock, 1977).

The sampling plan for thickness was to measure to the nearest 0.001
inch on the right, middle, and left third sections of four random width
sheets of veneer from each block peeled. The mean of the 12 readings
was then averaged over the three blocks in each cell of the 3 x 3 design

matrix and analyzed via the already designated ANOVA table.

Study Procedures

Production Facilties

The cooperating mill was Sun Veneer, Inc., of Roseburg, Oregon.
Its primary product is green veneer suitable for use in construction
grade plywood. The predominant species peeled is Douglas-fir logged
from the Coast and Cascade Ranges. The green-end equipment consisted of
a geometric centering, automatic charger, eight-foot lathe with six
trays, two automatic clippers, and a fishtail saw (fishtail veneer was
cut to produce stock for stitching veneer to make full sheets).

The block heating equipment consisted of ten steam chests (vats),
10 feet by 12 feet by 80 feet, with counterweighted overhead doors.
Live steam was injected through two pipes running the length of the vat

floor. Foxboro controllers were capable of maintaining a temperature of
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up to 220°F in each vat. Ultimately the highest vat temperature was

determined by the steam pressure delivered by the mill power plant.

Block Selection and Preparation

The blocks to be peeled were selected from the cold deck already
debarked and bucked to a nominal 103.5 inch length. All blocks were
Douglas-fir No. 3 Sawmill logs as determined by the mill yard scaler.
The selection criterion for a block was a nearly concentric block for
either the 12, 18, or 24 inch diameter class. The blocks appeared to be
sound throughout. Each block selected was measured for volume to the
nearest 0.01 foot and marked for a treatment and diameter for later

identification.

Treatment Temperatures

The study design called for core (two inches from the block center)
temperatures of 140°F for one treatment and 120°F for the other heated
treatement. These temperatures were not attained.

Mill production schedules would not allow the two vats necessary to
attain the desired treatment temperatures to be taken out of production
for more than one ten hour shift. It was anticipated that the 24 inch
diameter blocks would not reach the desired core temperature in ten
hours. Therefore, all blocks were heated for the same nine hour period.
The treatment (temperature) differences were attained by allowing one
group of blocks (three 12, 18, and 24 inch blocks) to cool longer than
anothér group of blocks. Temperatures of the blocks were recorded at

the lathe to quantify treatment differences.
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The three treatments became a "hot" treatment (20 minutes out of
vat before peeling), a "warm" treatment (50 minutes out of vat before
peeling) and a "cold" treatment (peeled unheated).

Throughout the remainder of the paper, treatment 1, Vat 1, or "hot"
treatment will refer to those blocks cooled 20 minutes prior to peeling.
Treatment 2, vat 2, or "warm" treatment will refer to those blocks
cooled 50 minutes prior to peeling. Treatment 3, or "cold" treatment

will refer to those blocks peeled unheated.

Veneer Production

The blocks were peeled on three consecutive days duriné the mill's
scheduled maintenance time. The spur knives were set to 101.5 inches
and the blocks were peeled to a nominal 4.50 inch core. Veneer was
identified by treatment and diameter by a color coding system.

After heating, all blocks were placed on the lathe-infeed deck by
treatment grouping (three 12 inch, three 18 inch, and three 24 inch
blocks) of hot, warm, and cold.

Prior to peeling, a freshly sharpened knife was installed, and set
by the lathe operator. The lathe settings are detailed in Table 6. The
lathe and clippers were not reset for peeling the cold blocks. Blocks
were peeled to 1/10 inch thick veneer. The veneer was clipped to re-
cover the optimum value of each log within the cooperating mill's normal

manufacturing procedures.

Veneer Tally

Each piece of veneer was individually tallied by day, treatment,
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and diameter. All veneer was sorted into full and half sheets, random
widths, and fishtails on the green chain.

Veneer Grading

Green veneer was graded by company graders the day after peeling.
An attempt was made to separate into four grades, A, B, C, and D, as
described in P.S. 1-741. However, mill practice was to separate into
three market grades of green veneer, AB, CD, and Utility, as reported by
the weekly newsletters Crow's and Random Lengths. The full and half
sheet grading became A, AB, C, CD and Utility. The grade separation
into the APA standards was not consistent from day to day.

The random lengths and fishtails were separated into A,CD, and
Utility grades. Each piece was measured for width to the nearest 0.01

foot. The fishtails were assumed to be a nominal 36 inches long.

Data Compilation and Statistics

Recovery data were compiled by computer programs written by the
author to provide recovery for each block by grade and veneer item. The
units produced were volume on 3/8 inch basis and percent veneer
recovered per cubic foot of block. The grades A, AB, B, C, CD, and
Utility were then combined to AB (A and AB), CD (B, C, and CD), and

Utility to give veneer recovery in the market grades for green veneer.

American Plywood Association. U.S. Product Standard P.S. 1-74 for

construction and industrial plywood with typical APA grade-

trademarks. 35 p. 1974.



Table 6. Lathe Specifications: 0.1 Inch Douglas-fir Green Veneer, 81
Bolt Sample.

Lathe Model: COE 249
Swing: 65 inches
Length: 101.5 inches

Horizontal gap 0.098"
Vertical gap 0.092"
Veneer thickness 0.100"
Nosebar type Double roller-bar
Roller Diameter 5/8"
Knife thickness 5/8"
Rockwell hardness 58
Main bevel 23.5°
Micro bevel none
Concavity 0.001"
Cutting angle (at 14") 90°
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The block volume was based on the average diameter to 0.01 foot on
both ends and the nominal length of 101.5 inches (spur knife distance)

of the debarked bucked blocks. The volume was computed by the following

formula:
2 2
Gross Cubic Volume = L(Pg + D)
12+ 42
where
D .
S = average diameter small end
DL = average diameter large end

length of block (101.5 inches)

Veneer and reject volume 3/8 inch basis is based on the green un-
trimmed grade and reject veneer.

The statistics were performed using the Statistical Analysis System
(SAS) on an IBM 370/168 Model 1 computer located at the Environmental
Protection Agency's (EPA) Washington Computer Center (WCC). Access to
the WCC was via a remote job entry terminal (RJE) located at the EPA

facility in Corvallis, Oregon.

Data Acquisition Svstem Performance

The data acquisition system successfully recorded 52 of 54 heated
block temperature profiles. The potentiometer monitoring lathe-knife
position, however, did not perform satisfactorily due to friction losses
when knife direction was changed rapidly. Also, increased reliability
of the data acquisition system could be gained by improvement of the
communication protocol between the microcomputer and the HP. This would

eliminate cause of the loss of the two temperature profiles.
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The infrared temperature sensing head (Nova) was located three feet
behind, four feet above, and one foot from the block center. From this
location, a clear, unobstructed view of the veneer ribbon was possible.
Also, the sensing head was somewhat protected by the lathe-works from
wood debris and accidents. Little or no water vapor was present.

Although the lathe-knife position readings were not reliable,
temperature versus elapsed time of peel can be compared. Representative
block temperature profiles as monitored at the lathe are given in
Figures 13, 14, and 15 for each study treatment and block diameter.
These profiles were selected because the time of peel was approximately
equal in each diameter class, and the profiles can be compared to
temperature distributions recorded during heating as indicated by ther-~
mocouple measurement. The heating profiles are given in Figures 9
through 12. Both sets of data (thermocouple and Nova readings) were

collected on the same day.

Block Heating Profiles

A separate vat (chest) was used for each treatment. Both vats'’
temperatures were set via a Foxboro controller to reach 180°F.

Thermocouple Measurement System. The block temperature heating

profiles were obtained via an Esterline Angus multipoint recorder (Model
No. E1124E). Iron-constantan (Type J, 32—600°F range) thermocouples
were placed inside one block per diameter class and heat treatment at
the depth and frequency as indicated on the diagrams of block heating.
To reduce measurement error (Steinhagen, 1977) thin (24 gauge, 0.002

inch thick) teflon insulated thermocouple wire was used. Small holes,
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less than 3/8 inch in diameter, were drilled in the blocks. The wire
was inserted to the bottom of the hole and the hole was plugged with
quick setting thermoplastic resin, as suggested by Bramhall (1974).

A total of 15 points were sampled once every 12 seconds (each point
was recorded once every three minutes). The chart speed was 16 inches
per hour.

Vat Comparisons. The heating profiles obtained from the two vats

indicate that approximately the same temperature (within the thermo-
couple wire measurement accuracy of IMOF) two inches from the center was
reached for the 24 inch diameter blocks. The temperatures recorded for
the 12 inch diameter blocks at the same depth showed that the vat 2
block was 16 percent lower in temperature than the vat 1 block (112°F
versus 130°F, respectively). There was some 40°F temperature difference
in the 18 inch diameter block between vats.

The poor agreement in temperature at a similér depth and time for
the 18 inch blocks could have been due to heat transfer along the
thermocouple within vat 1. A poor seal around the wire would have
caused a higher temperature at the tip of the thermocouple wire. A
comparison of the temperature readings of the 18 inch block with both
the 12 and 24 inch blocks for a similar depth and time shows the 18 inch
block temperature to be 40°F higher, about the same discrepancy
indicated between vats for the 18 inch logs. In summary, it seems
reasonable to conclude that the temperature indicated for the 18 inch
block in vat 1 exhibited measurement error.

The initial, final, and rate of temperature increase for the 12 and

24 inch blocks seemed to be in the range expected. No explanation could
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be found for the vat difference in temperature of the 12 inch blocks.
At the end of heating, the indicated temperatures for the 12 inch block
at the core (2 inches from the center) were approximately 135°F and
120°F for vat 1 and vat 2, respectively.

Diameter and Within Block Comparison. Between block diameters, as

distance from the block surface increased, the temperature attained
after a given heating time decreased. This is illustrated particularly
well when comparing the measured temperatures for each block in vat 2
(Figure 12). Within a given block, as distance from the surface
increased, the time required to reach a desired temperature increased.
Both the between diameter and within diameter temperature differences
with time are the result of the amount of wood material that the heat
must flow through. A greater distance from the heating medium existed
and since the heat flow diagrammed is unsteady state in nature, as the
temperature gradient between two points decreases the rate of
temperature change decreases.

The insulative nature of wood could be exhibited in Figure 11. The
initial thermocouple reading for the 24 inch block at the ten inch mark
is some 10°F higher than the six inch mark. As heating progressed, the
six inch point reached a higher temperature than the 10 inch point but
neither point approached the desired block temperature after nine hours.

The temperature profiles of the blocks during heating, as indicated
by the thermocouples, did exhibit a heating pattern as predicted by the

theoretical calculations determined by the block heating program.

Actual Block Temperature and Theoretically Derived Temperature

For the sake of completeness, the actual temperatures as sensed by
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the thermocouple readings after three, six and nine hours of heating are
presented in Table 7 along with theoretical temperatures as calculated
from MacLean (1952). For the theoretical calculations, it was assumed
that the initial temperature was 50°F, heating medium temperature was
180°F, and steam was the heating medium. A thermal diffusivity of
0.0003 square inch per second was assumed for green Douglas-fir.

Valid statistical comparisons cannot be made between the actual
temperatures as indicated by the thermocouple and the theoretical
temperatures as derived by MacLean. The actual temperature values
presented in Table 7 represent a single observation. Consequently,
there are no degrees of freedom on which to base a reliable statistiecal

measure of actual block temperatures.

Lathe Temperature Profiles

Plots of the average of two consecutive temperature measurements as
recorded by the data acquisition system are given in Figures 13, 14, and
15. The temperature sensing instrument (Nova) and the data acquisition

system appeared to repeatably measure the veneer temperature in a range

"that agrees with the thermocouple measured final block temperatures.

The temperatures recorded two inches from the center of the 12 inch
block during heating were 130°F from vat 1 and 112°F from vat 2. The
temperatures measured by the Nova at peel times that corresponded to
near core kickout were 125°F for vat 1 and 110°F for vat 2. The
temperature profiles measured at the lathe compare favorably with the

thermocouple readings for the 18 and 24 inch blocks also. As indicated
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Table 7. Actual Block Temperatures versus Theoretical Temperatures as
Calculated from MacLean (1952) of a Point Two Inches From the Center as

a Round Block.

12 In. Block Diameter

Distance from Surface: 2 in.
Elapsed heating time:

3 hrs.
6
9
Distance from Surface: &4 in.
Elapsed heating time:
3 hrs.
6
9
18 in. Block Diameter
Distance From Surface: 2 in.
Elapsed heating time:
3 hrs.
6
9
Distance From Surface: &4 in.
Elapsed heating time
3 hrs.
6
9
Distance From Surface: 6 in.
Elapsed heating time
hrs.

Actual

1100F
137
151

T9°F
105
126

1200F
136
151

9L4OF
114
126

94OF
96
105

MacLean

1230F
147
163

82°F
123
150

1170F
138
150

73°F
102
116

560F
76
99
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Table 7. Actual Block Temperatures versus Theoretical Temperatures as
Calculated from MacLean (1952) of a Point Two Inches From the Center as
a Round Block.

Actual MacLean
24 in. Block Diameter
Distance From Surface: 2 in.
Elapsed heating time
3 hrs. 117°F 117°F
6 136 135
9 156 146
Distance From Surface: 6 in.
Elapsed heating time
3 hrs. 660F 560F
6 77 71
9 87 88
Distance from Surface: 10 in.
Elapsed heating time
3 hrs. 660F 510F
6 63 53
9 63 62

Initial Temperature: 500F
Heating Medium Temperature: 180°F
Heating Medium: Steam
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earlier, the lathe-knife position readings were not reliable.
Therefore, Figures 13, 14, and 15 present temperature versus elapsed
peel time.

Greater than expected temperature variation along the block radius
is exhibited in the profiles. The general shape of the profiles can be
explained physically.

Block Temperature Distribution at the Lathe. Immediately after

removal from the heating medium, the highest block temperature, TH’ is
at the block surface. This point begins to lose heat via conduction to
the cooler block interior, and convection to the surrounding air. At
some time after removal from the heating medium, the position along the
radius r of the highest temperature TH is a function of the time since
removal from the heat, the surrounding air temperature T effecting
cooling via convection,and the parameters effecting heat conduction in

the wood from the highest temperature T,, to the interior temperature TC

H

and the surface temperature TS.

The location of TH along the radius r occurs in the first half of

the total peel time for each block in the figures. TH is obviously not
too far from the surface since it takes longer to reduce the radius at
the beginning of peel than near the end of peel. The veneer peeled from
near the surface was at near ambient temperature T . As peeling

progressed the temperature increased to T,, along the radius. For the 12

H
inch blocks, which heated nearly throughout the block (Figure 13) after

nine hours, the temperature at the core TC is not much less than the

higheSt block temperature T The 18 and 24 inch blocks did not heat as

Ho

uniformly (Figures 14 and 15), so the core temperature TC is much lower
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than the highest temperature TH' The cooling of the logs is a function
of the log diameter, as was the heating.

In each figure, the highest temperature T, and the core temperatufe

H
TC is lower for the blocks exposed 50 minutes. Whether the lower
temperature is completely due to the longer exposure time is not clear.
For each of the 12 and 18 inch block diameters, the thermocouple
readings after nine hours indicated a lower core temperature Tc for vat
2 (exposed 50 minutes) than vat 1 (exposed 20 minutes).

In summary, the block temperature profiles as recorded at the lathe
appear to be an accurate reflection of actual veneer temperature. The
temperature is a function of both time of exposure to the surrounding
medium and block diameter. The non-uniformity of temperature within a

block leads one to believe the effects of heating on veneer production

would vary greatly for any one block.

Summary

The discussion presented to assess the validity of the temperature
profiles recorded is by no means complete. Time series analysis, mass
transfer, and measurement theory would have to be utilized to fully
explain the temperature distributions. This was not the intent of this
project. Rather, a means of continuously monitoring block temperature
to control the heating process was the desired result.

The modifications on the data acquisition system necessary for
improved block temperature sensing would be a reliable lathe-knife
position sensor to indicate the relative location of the temperature

variations along the block radius, and program revision to better
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utilize computer memory. Block temperatures could then be monitored and
heating practices modified if precisely controlled block temperatures at

the time of peeling was necessary.

Veneer Yield Recovery Results

Once again, for the discussion treatment 1 will be referred to as
the "hot" blocks (20 minutes out of vat before peeling); treatment 2
will be known as "warm" (50 minutes out of the vat before peeling).
Treatment 3 (peeled unheated) will be referenced as the "cold" blocks.

Ambient temperature was 40 to HSOF on each day.

Preliminary Analysis

The veneer recovery by day, treatment, and diameter for each veneer
grade and item on a volume 3/8 inch basis are given in Tables 8 through
10. Table 11 presents veneer recovery, on a volume 3/8 inch basis for
each block diameter by treatment, veneer sheet length, and grade. Table
12 gives veneer recovery and cubic volumes by treatment and diameter.
Core volumes are not given because the cores were processed by mill
personnel before the cores' cubic volumes could be measured.

The percentage of veneer recovered by grade and veneer item for all
81 blocks is shown in Table 13, and it shows that very little veneer was
recovered in some combinations of veneer grade and item. Most blocks
yielded no A, AB, or B grade veneer. The large percentage of the blocks
sampled with zero recovery in some grades causes an underlying
assumption of analysis of variance to be violated. To achieve the
desired operating characteristics of an analysis of variance, experi-

mental errors must have a common variance. Clearly, if there were no
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Table 8. Volume Recovery by Grade, Item and Day; 3/8 Inch Basis; Square

Feet.
Veneer Veneer Grade
Item A AB B C CD U Total Reject

Day 1, 27 Blocks
Full po 281 0 0 3345 15 957 4598 30
Half 123 0 0 247 1282 235 1887 5
Random 181 0 0 329 737 98 1346 0
Fishtail 98 0 0 291 5 58 452 0
Total 683 0 0 4212 2039 1348 8283 35

Day 2, 27 Blocks
Full . 0 0 0 1105 2587 0 3692 0
Half 172 0 0 867 1563 537 3140 0
Random 0 0 0 83 1680 51 1815 0
Fishtail 22 0 0 123 154 47 345 0
Total 194 0 0 2178 5984 634 8992 0

Day 3, 27 Blocks
Full - 0 121 0 2916 2474 0 5511 0
Half 157 0 119 1380 716 215 2585 0
Random 8 0 0 11 1449 109 1578 0
Fishtail 0 0 0 0 285 0 285 0
Total 165 121 119 4307 ug2y 323 9959 0




Table 9. Volume Recovery by Grade, Item and
Square Feet.

Treatment:
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3/8 Inch Basis;

Veneer Veneer Grade
Item A AB B C CD U Total Reject
Treatment 1 (Hot), Blocks
Full 70 0 0 2446 1749 84y 5109 0
Half 25 0 0 1026 1062 698 2811 0
Random 59 0 0 108 1546 107 1820 0
Fishtail 41 0 0 90 206 43 380 0
Total 195 0 0 3670 4563 1692 10120 0
Treatment 2 (Warm), 27 Blocks
Full 211 121 0 2953 1497 73 4855 10 -
Half 167 0 5 L6y 860 116 1562 0
Random 75 0 0 136 1130 50 1391 0
Fishtail 38 0 0 160 150 35 383 0
Total 4y 121 5 3713 3637 274 8191 10
Treatment 3 (Cold), 27 Blocks
Full 0 0 0 1967 1831 40 3837 20
Half 310 0 113 1006 1639 172 3239 5
Random 55 0 0 180 1191 101 1527 0
Fishtail 41 0 0 163 88 27 319 G
Total 406 0 113 3316 4748 340 8922 25




Table 10. Volume Recovery by Grade, Item and Diameter:

Square Feet.

81

3/8 Inch Basis;

Veneer Veneer Grade
Item A AB B C CD U Total Reject
12 Inch, 27 Blocks
Full 0 0 0 1638 151 30 1819 0
Half 0 0 0 360 41y 123 896 0
Random 0 0 0 4y 866 4q 960 0
Fishtail 0 0 0 104 71 14 188 0
 Total 0 0 0 2146 1502 214 3863 0
18 Inch, 27 Blocks
Full 281 60 0 3238 2071 100 5751 10
Half 192 0 25 883 1202 152 2454 0
Random 140 0 0 137 1303 67 1648 0
Fishtail 69 0 0 88 189 28 375 0
Total 682 60 25 4346 4765 347 10228 10
24 Inch, 27 Blocks
Full 0 61 0 24849 2854 828 6232 21
Half 259 0 94 1253 1946 711 4263 5
Random 49 0 0 242 1698 142 2131 0
Fishtail 51 0 0 221 183 63 518 0
Total 359 61 94 4205 6681 174Y 13144 26




Table 11.
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Veneer Recovery by Item, Grade Treatment for 12 inch Blocks:
3/8 inch basis; square feet.

12" Diameter Blocks

Treatment
Hot Warm Cold
Full Sheets
AB 0 0 0
CD 553 562 673
U 20 0 10
Total 573 562 683
Half Sheets
AB 0 0 0
CD 232 266 276
U 29 69 24
Total 271 335 300
Random Width
CD 455 266 230
U 11 19 17
Total 466 285 247
Fishtails
CD 109 28 52
Total 1419 1210 1282
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Table 11. Veneer Recovery by Item, Grade Treatment for 18 inch Blocks:
‘ 3/8 inch basis; square feet,

18 " Diameter Blocks

Treatment
Hot Warm Cold
Full Sheets
AB 70 271 0
CD 1949 1609 1752
U 30 50 20
Total 2049 1930 1772
Half Sheets
AB 0 10 183
CD 722 624 988
U 108 18 30
Total 830 652 1201
Random Width
CD 556 573 450
Cu 31 15 22
Total 587 588 b72
Fishtails
CD 108 127 99
Total 3574 3297 3544
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Table 11. Veneer Recovery by Item, Grade Treatment for 24 inch Blocks:
3/8 inch basis; square feet.

24 " Diameter Blocker

Treatment
Hot Warm Cold
Full Sheets
AB 0 61 0
CD 1693 2278 1374
UD 794 23 10
Total 2487 2362 1384
Half Sheets
AB 25 107 127
CD 1134 665 1495
U 560 33 118
Total 1719 805 1740
Random Widths
CD 701 541 746
U 64 16 62
Total 765 557 808
Fishtails
CD 142 198 145
Total 113 922 4077




Table 12. Veneer Recovery and Cubic Volumes by Treatment and
Diameter, 3/8 Inch Basis.
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Number Volume, Volume

Diameter, of 3/8" basis, Block, Veneer,
inches Blocks sq. ft. cu, ft. cu., ft. Percent
12 Hot 9 1409 65.01 44,03 68.2
Warm 9 1170 60.26 40.08 58.9
Cold 9 1282 62.16 40.08 64.6
18 Warm 9 3597 147,06 112,42 76.8
Warm 9 3084 152.28 96.38 64.4
Cold 9 3545 144,56  110.79 76.6
24 Hot 9 5114 241.90 159.82 66.7
Warm 9 3936 227.27 123.01 53.4
Cold 9 4o9y 233.38 127 .95 55.0

Total or 81 27234 1339.00 851.08 65.0

Average




Table 13.

Percentage of Veneer Recovery by Grade and Item.

Volume 4 Veneer 3 % %
Number Recovered of % of Full Half Random %
Veneer of 3/8" Basis Block Veneer Sheets Sheets Widths Fishtail
Grade Blocks sq. ft. Volume Recovered Recovered Recovered Recovered Recovered
A 81 1042 2.02 3.83 1.03 1.66 0.70 0.4y
AB 81 121 0.23 0.44 0.44 0 0 0
B 81 118 0.20 0.43 0 0.43 0 0
c 81 10798 28.146 39.28 27.05 9.16 1.56 1.52
CDh 81 12949 29.57 47.55 18.64 13.08 14.20 1.63
Utility 81 2305 y.u7 8.46 3.51 3.62 0.95 0.38
Total or 81 27233 64.95 100.00 50.67 27.94 17.40 3.97
Average
Reject 81 36 0.01 - 0.1 0.02 0 0

o8
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measurement of recovery, the experimental error associated with that
lack of measure for some blocks will bé less than the errors in other
blocks that did yield some A, AB, and B grades. The heterogeneity of
error variance might show significant differences between means where
they do not exist (Duncan, 1974). Since the error variance associated
with grades A, AB, and B may be heterogenous, a greater probability
exists that the analysis of variance would detect differences falsely.
It must be concluded that the analysis of variance for grades A, AB, and
B is not valid.

For the sake of completeness, all ANOVA tables are included in
Appendix A. However, veneer yield by grade and veneer item will not be
discussed based on F-statistic for grades A, AB, and B.

Examination of the veneer recovery as recorded on each day (Table
8) shows the grading inconsistencies previously noted. Full and half
sheets were not always separated into grades A, AB, and B or C and CD
regularly from day to day. Random widths.and fishtail items exhibited
similar tendencies. Therefore, for purposes of analysis, grades C and

CD were combined into grade CD for all veneer items.

Grade, Item and Volume Recovery

Grade CD Recovery. Observation of the analysis of variance

(Appendix Tables Al-1) for grade DC shows a highly significant (.99
level) diameter effect on the recovery of full sheets as well as a
significant (.95 level) diameter * treatment interaction. The
diameter * treatment interaction is shown in Table 14, and it shows no

discernable pattern of interaction (the greatest and the least



 Table 1l4. Percentager of Block Volume Recovered as Full Sheets of Grade

CD.
Diameter, inches
Treatment 12 18 24
Hot 26.8 41.8 22.2
Warm 27.8 34,1 31.5
Cold 33.4 38.3 17.7
Average 29.4 38.1

23.8
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percentage recovery for each treatment are for a different diameter
class). The F-value of 3.31 is marginally significant [%ZM(O.OS) =
3.2%1 and together with the lack of a logical pattern of interaction,
no firm conclusion about the cause of the interaction can be made.

Diameter alone shows the 18 inch blocks had the greatest full sheet
recovery followed by the 12 inch blocks and then the 24 inech blocks with
the least recovery. A reason for a maximum of 18 inches is not clear.
Other veneer recovery work showed a similar trend. Data on volume
recovery for Douglas-fir No. 3 Sawmill logs from Fahey (1974) in Table
15 shows a maximum recovery percentage at 18 inches. The percentage
recovery for the 12 and 24 inch blocks is practically identical, how-
ever.

The effect of wood defects (knots, rot, pitch, ete.) has already
been accounted for since the full sheet recovery differences are signi-
ficant within the grade CD. Therefore, the differences in full sheet
recovery at the various diameters most probably can be assigned to a
block diameter-lathe geometry interaction arising from the machining
process or a difference in growth characteristics between the logs.
Lutz (1978) said an ideal peeler log should be of uniform slow growth
(no measurement of growth rate was made for this study). Empirical
studies (Knudson et al., 1975) have shown that lathe settings alone can
provide substantial increases in yield of wide veneer of over ten
percent. Further study is necessary to identify the cause of the block
diameter-full sheet yield interaction.

Observation of the analysis of variance (Appendix Tables A-1) for

CD also shows a significant (.95 level) effect of treatment on the
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Table 15. Percentage Veneer Recovery by Block Volume and Diameter for
Douglas-fir No. 3 Sawmill Blocks, 1/10-inch Veneer (Fahey,

1974),
Block Diameter Range (in.) 11=13 17-19 23-24
Number of Blocks Peeled 21 3 y

Percentage Recovery (%) 38.1 by 2 38.3
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recovery of half sheets. Half sheets of grade CD (Table 16) had a sub-
stantial recovery of 23 percent of all veneer recovered (6055 square
feet, 3/8 inch basis). Data in Table 17 show that the unheated blocks
yielded more half sheets than either the hot or cold treatment. There
was, as expected, a corresponding decrease for full sheets due to the
increased half sheets. The range of full sheet versus half sheet change
across the treatements (1.4 percent and 8.6 percent, respectively)
indicates the increased half sheet recovery did not come at the expense
of full sheet recovery. An explanation for the significant treatment
effect on half sheets is not obvious, but it did not come at the expense
of full sheets.

Utility Grade Recovery. Observation of the analysis of variance

for Utility grade (Appendix Tables A-1) by veneer item shows no signifi-
cant difference for any source of variation. However, the analysis of
variance for volume recovery regardless of veneer item (Appendix Tables
A-2) shows a significant (.95 level) diameter * treatement interaction
as well as a significant effect of diameter. The interaction will con-
tain the more meaningful information. Data in Table 18 shows that 24
inch blocks peeled hot yielded substantially more veneer. The effect of
block temperature at the lathe on the recovery is questioned, however,
since the temperature profiles recorded at the lathe showed that only a
small percentage of the block was at temperatures thought to be neces-
sary to attain benefits from preheating. Table 8 shows that the only
full sheet Utility grade veneer was recovered on the first day of the
study. This suggests that the treatment * diameter interaction can be

assigned to degrade to Utility as a result of defects in the 24 inch



Table 16. Veneer Recovery by Green Veneer Grade.

Volume ¢ Veneer 4 4 1
Number Recovered of 4 of Full Half Random 9

Veneer of 3/8" Basis Block Veneer Sheets Sheets Widths Fishtail
Grade Blocks sq. f't. Volume Recovered Recovered Recovered Recovered Recovered

A 81 1163 2.45 4,27 1.47 1.66 0.70 0.44

ch 81 23765 58.03 87.27 45.69 22.57 15.76 3.15
Utility 81 2305 4. u7 8.46 3.51 3.62 0.95 0.38
Total or 81 27233 64.95 100.00 50.67 27.94 17.40 3.97
Average

6
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Table 17. Percentage of Block Volume Recovered as Full and Half
Sheets of Grade CD.

Treatment Full Sheets Half Sheets
Hot 30.3 14.0
Warm 31.2 10.1

Cold 29.8 18.6




Table 18. Percentage of Block Veneer Recovered as Utility Grade

94

Veneer.
Diameter, inches
Treatment 18 24
Hot 3.5 3.3 18.7
Warm ) 2.1 1.9
2.9 1.6 2.9

Cold
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blocks peeled on the first day.

Appendix Tables A-2 also shows a significant (.95 level) effect of
diameter on recovery of grade C. However, the inconsistent grade separ-
ation into grades C and CD prevents meaningful analysis.

Veneer Item Recovery. Observation of the analysis of variance for

veneer item (Appendix Tables A-3) shows that diameter had a significant
(.95 level) effect on the recovery of full sheets. Table 19 shows the
percent of block volume recovered as full sheets for each diameter.
This is the same trend as shown in full sheet recovery of grade CD and
is expected since full sheets of CD accounted for 46 percent of the
veneer recovered (Figure 16). Again, the recovery was independent of
block treatment but a function of block diameter.

Total Veneer Recovery. Observation of the analysis of variance for

total veneer recovery (Appendix Tables A-3) for all grades and veneer
items, once again shows a significant difference (.95 level) between
diameters. As shown in Table 20, the recovery for the 18 inch blocks is
the greatest.

The lack of effect of treatment on veneer grade, veneer item and
total recovery was unexpected. The recovery results found by Grantham
and Atherton (1959) reported increased grade and full sheet yield as the
result of peel temperature was in the A grade. They found no benefit
from preheating in the lower veneer grades. For the No. 2 Special
Peeler logs, the unheated blocks actually yielded one percent more
veneer,

In this study, 87 percent of the veneer recovered was in grade CD

while only four percent was in grade AB (Table 16). Fahey (1974) found



Table 19. Percentage of Block Volume Recovered as Full Sheets.
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Diameter, Number of
inches Blocks Percentage
12 27 29.8
18 27 41,1
24 27 27.8
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Figure 16. Veneer Recovery by Grade and Veneer Item.
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Table 20.. Percentage of Block
Volume Recovered for
Each Block Diameter.
Diameter,
inches Percentage
12 63.9
18 72.7
24 58.5

28
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a similar lack of veneer in the upper grades (Figure 17). Only 3.1 and
1.2 percent recovery in grades A, AB, and B (APA PS1-74) were found for
second growth Douglas-fir No. 2 and No. 3 Sawmill logs, respectively.
The clear wood necessary to produce A-grade veneer does not exist in No.
2 and No. 3 Sawmill logs.

Examination of the treatment temperature profiles of the blocks
could lead to some question as to whether adequate treatment temperature
differences were achieved in the study blocks to obtain the proposed
benefits of preheating. Treatment temperature profiles of the 24 inch
blocks (Figures 11, 12, and 15) suggest that identifiable treatment
temperature differences did not exist between the hot and warm 24 inch
blocks. It could also be said that the heated (hot and warm)

'temperature treatments were not very different than the unheated or cold
temperature treatment for the 24 inch blocks. No treatment differences
may have existed for the 24 inch blocks to provide a basis for the ex-
pected gains of preheating. This same argument could be made for the 18
inch blocks as the treatment temperature profiles (Figures 10, 12, and
14) could lead to some question as to whether temperature treatment
differences were achieved.

Observation of the treatment temperature profiles for the 12 inch
blocks (Figures 9, 12, and 13), however, does not allow a similar
argument to be made for the 12 inch diameter blocks. Clearly, treatment
temperature differences did exist between the heated (hot and warm)
temperature treatments and the unheated (cold) temperature treatment.

If preheating treatment temperature were to have a significant effect on

veneer recovery, the study design via the analysis of variance



Iy 8! L - U1 m
= = =~ = =
—— : o :

% 0F VENEER RECOVERED
=

RECOVERY DHTH FROM
t.5. FOREST GERVICE

$ _I"'"‘"'T""“““‘ 3 i3
) L) ¥

A ] - - b 4

]
{

H AP B BF C D
NIOI. 2 GHWMILL

Figure 17.

(Fahey, 1974).

EHPBEZ:PCE
NO. 3 SAWMILL

Veneer Recovery Data for Douglas-fir No. 2 and No. 3 Sawmill Logs.

00T



101

would have identified these differences based on the treatment
temperature differences in the 12 inch blocks.

The results of this study indicate that the preheating treatment
temperatures attained in this study did not sufficiently affect wood
properties of Douglas-fir No. 3 Sawmill logs to upgrade veneer or to

increase recovery of full sheet veneer.

Veneer Thickness

Observation of the analysis of variance for veneer thickness
(Appendix Tables A-4) shows a significant effect (.95 level) of diameter
on veneer thickness variation. The lack of influence of treatment on

veneer thickness variation substantiates the results reported by

Grantham and Atherton (1959) and Corder and Atherton (1963). 1In fact,

as shown by Table 21, the treatment means were equal.

Analysis showed that a highly significant (.99 level) linear re-
lationship existed between log diameters and veneer thickness variation.
Again, a clear cause for this is not evident. Palka and Holmes (1973)
studied the effect of log diameter and clearance angle of peel quality
of 0.125~inch thick Douglas-fir veneer. The diameter range was five to
15 inches. They report veneer thickness decreased as block diameter
increased from 11 to 15 inches. While their range of diameters or the
thickness relationship with diameter does not agree with this study, the
important conclusion is that there existed an effect of block diameter
on thickness. The significant differences originating from block
diameters on grade, full sheet, overall recovery and thickness indicate
that the lathe-setting block diameter relationship needs much

closer examination.
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Table 21. Thickness Means, 0.001 Inch

Diameter, inches

12 18 24
101.2 103.1 103.8
Treatment
Hot Warm Cold
102.7 102.7 102.7

Overall Mean

102.7
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Economic Feasibility

Veneer Value. Veneer value was computed in terms of dollars of

veneer recovered per cubic foot of initial block volume. Table 22
presents the veneer value by treatment, sheet length, and grade for each
block diameter. Table 23 provides a summary of Table 22. The value for
the veneer grades and item was the average of the weekly price from
January 1, 1978 to March 31, 1978 as reported by Random Lengths and
Crow's newsletters.

No prices are reported by either publication for full sheets of
Utility grade veneer, so industry sources were contacted. A value of
$21 per 1000 square feet, fob mill, was established. Prices for all
grades are given in Appendix Table B-1.

Observation of the analysis of variance for green veneer market ;
value (Appendix Tables A-5) shows that diameter has a highly significant
(.99 level) effect on total veneer and CD veneer value. Diameter also
had a significant effect (.95 level) on AB and Utility grade green
veneer value. Diameter * treatment interaction proved significant also.
The relationship previously discussed concerning significant differences
for each grade and veneer item are further reinforced. The 18 inch
diameter blocks show the greatest vaiue recovery, which was expected,
since the 18 inch blocks yielded both the greatest percentage recovery
and greatest percentage of full sheets. This combination of veneer
grade and item increased the level of significance for the diameter
effect from 0.95 to 0.99.

The analysis of variance was thought to be invalid for grades A,
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Table 22. Green Veneer Market Values Per Cubic Foot of Block Volume
for 12 Inch Diameter Blocks, Dollars.

12" Diameter Blocks

Hot Warm Cold
Full Sheets
AB $ 0.00 $ 0.00 $ 0.00
CD 19.26 20.14 24 .11
U A2 0,00 0.00
Total $19.68 $20.14 $24.32
Half Sheet $ 0.00 $ 0.00 $ 0.00
CD 7.51 8.20 8.50
U .54 07 45
Total $ 8.05 $ 8.27 $ 8.95
Random Widths
CcD $ 8.46 $ 4.93 $ 4,26
U .16 0.02 24
Total $ 8.62 $ 4.95 $ 4.95
Fishtail
CD $ 1.55 $ 0.40 $ .24

Total $37.90 $33.76 $38.01
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Table 22. Green Veneer Market Values per cubicFoot of Block Volume for
| 18 Inch Diameter Blocks, dollars

Full Sheets
AB
CD
U
Total

Half Sheets
AB
CD
U
Total

Random Widths
CD
U
Total

Fishtails
CD

Total

ja ]
o
(4

$ 4.08
67.92
.63

$ 72.64

$ 0.00

22.24
__2.01
$ 24.25

$ 10.31
L

$ 10.75

$ 1.53
$109.17

18" Diameter Blocks

Warm

$ 15.78
57.65
1.05

$ TL.48

3 .56
19.23
.02

$ 19.81

$ 10.62

.02
$ 10.64
$ 1.80

106.73

<A

Cold
$ 0.00

62.77
$ 63.24
$ 0.00

10.29

$ 10.85

§ 8.3U
3 565

$ 1.41

$ 84,15
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| Table 22. Green Veneer Market Values per Cubiec Foot of Block Volume
for 24 Inch Diameter Blocks, dollars

‘ 24" Blocks
|
| Hot Warm Cold
Full Sheets
| AB $ 1.1 $ 3.55 $ 0.00
CD 58.97 84.62 49.23
U 16.67 0,48 .21
Total $ 77.05 $ 85.65 $ U4g.uy
Half Sheets
AB $ 0.00 $ 6.02 $ T7.14
CD 34.94 20.49 46.06
U 10 .40 .03 2.19
Total $ 50.34 $ 26.54 $ 55.39
Random Widths
CD $13.00 $10.03 $13.83
U .91 .02 .88
Total $ 13.91 $ 10.05 $ 14,61
Fishtail :
CD $ 2.02 $ 2.81 $ 2.06

Total $143.32 $125.05 $121.50




Table 23. A Summary of Green Veneer Market Values per Cubic Foot of
Block Volume, dollars.

Diameter,
Grade inches $ Treatment $ Day $

AB 12 0.00 Hot 0.37 1 0.17
18 0.24 Warm 0.18 2 0.06

24 0.09 Cold 0.12 3 0.11

CDh 12 2.10 Hot 2.16 1 1.65

18 2.44 Warm 1.95 2 2.19

24 1.77 Cold 2.21 3 2.47

Utility 24 0.17 Hot 0.19 1 0.17
18 0.05 Warm 0.05 2 0.06

24 0.17 Cold 0.05 3 0.06

Total 12 2.17 Hot 2.38 1 1.99
18 2.73 Warm 2.17 2 2.30

24 2.04 Cold 2.38 3 2,63
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AB,’and B, as previously mentioned. The significant diameter * treat-
ment interaction shown for Utility grade is not deemed important since
this value increase (10 cents) was determined mostly by defects in the
24 inch blocks peeled on the first day.

Treatments did not have significant effect on veneer value for any
green veneer market item. The lack of A-grade material in the No. 3
Sawmill logs removed the basis of the veneer volume increase as reported
by Grantham and Atherton (1959). The total value of blocks peeled hot
was equal to the value of blocks peeled cold. The value added to the
veneer by preheating is not present based on volume, grade, and veneer
item recovery.

Annual Cost of Preheating. For a one lathe mill capable of pro-

ducing 75 to 80 million square feet, 3/8 inch basis, the annual costs
for a steam chest or a hot water bath heating system are $318,000 and
$299,000, respectively, at a zero rate of return (ROI). The incremental
difference between the systems is $14,000 annually in favor of the hot
water baths at zero percent ROI. The economic analysis is detailed in
Appendix B.

From Table 23 it can be seen that the incremental difference

 between the hot and cold peeled block is zero. There is no monetary

basis to return the over one-quarter million dollar annual cost of pre-
heating if peeling No. 3 Sawmill logs.

Recovery Necessary to Justify Preheating. The least annual cost of

preheating for a mill producing 75 to 80 million square feet, 3/8 inch
basis of veneer annually, was $299,000 for the hot water vat system.

The recovery increase necessary to justify this expenditure can be
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calculated.

From the average market value of green veneer (Appendix Table B-1)
and the percentage recovery for grade CD in the veneer items, a value of
1000 square feet of veneer based on No. 3 Sawmill logs can be determined
as follows:

Value = (% full sheets) x (average CD full sheet value)

+ (% half sheets) x (average CD half sheet value)
+ (% random widths) x (average CD random width value)

Inserting the appropriate values:
Value = (50%) x ($34.83) + (30%) x ($31.81) + (20%) x (18.54)
= $30.67
Rounding to the nearest dollar, the average value of 1000 square feet of
CD green Douglas-fir veneer is $31.
The recovery increase on an annual basis required by a mill to

offset preheating costs would be:

% increase = annual preheating cost
veneer value per 1000 square feet

+ annual production 3/8 inch basis

Substituting
% increase = _ 299,000
$31/M sq ft ~ 75 MM sq £t
= 12.9%

Since there was no statistical differences between treatments, no basis

for the necessary 12.9 percent yield increase exists.
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VII. CONCLUSIONS

1. Preheating Douglas-fir No. 3 Sawmill logs prior to peeling had
no statistical effect on veneer value, total veneer yield, grade yield,
or veneer item yield when blocks were heated to a peel temperature rang-
ing from 50° to 120°F. Based only on veneer market values, preheating
Douglas-fir No. 3 sawmill logs prior to peeling did not appear economi-
cally feasible.

2. Block diameter has a highly significant effect on veneer value
expressed as the value of the percentage of block volume recovered as
marketable green veneer. Eighteen inch diameter blocks had the greatest
total, grade, and full sheet recovery per unit volume. Twenty-four inch
diameter blocks had the least recovery and value while 12 inch blocks
were intermediate.

3. Veneer thickness variation is statistically different for 12,
18, and 24 inch diameter blocks in the range of temperatures peeled.
Heat treatment did not improve veneer thickness variation.

y, The variability of temperature within blocks as recorded at
the lathe suggest the effects of heating on veneer peeling would vary
greatly for any one block.

5. The infrared temperature sensing device and the microprocessor
based computer can be successfully implemented in the mill.

6. The equation for unsteady state heat transfer for an
infinitely long cylinder may not be appropriate for wood when

constrained by constant diffusivity and homogeneity.
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Recommendations

One of the sub-objectives of the original study plan was to
formulate a research plan for expanded but closely controlled mill
studies of the peeling operation to include other species, log
diameters, and possibly heating systems not previously covered. Based
on experience gained during this study, further studies, regardless of
species, log diameters, and heating systems, should incorporate measure-
ments of veneer yield and peel quality, block temperatures and lathe
settings at the time of peeling. Each of these physical parameters

should be sensed, recorded, analyzed, and controlled via a computer

"based data acquisition system.

Veneer Yield and Quality

Veneer grade, item, and;total recovery differences can be quanti~
fied and assigned monetary units for economic consideration without
great difficulty. Data reduction should produce incremental differences
between blocks on a percentage of block volume recovered for each veneer
item and grade. Comparisons can then be made after the yield differ-
ences are converted into money units using either market prices as re-
ported by the forest products weekly newsletters, or internally assigned
values.

Veneer quality, which includes thickness variation, surface
roughness, and lathe-check depth, presents a more difficult problem.
Quantifying veneer (peel) quality is not easy, and furthermore, once
these differences have been measured, the matter of assessing the in-

cremental value of the differences remains. From this study, it is not
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clear how much time and effort should be expended on the measurement of
veneer quality. Perhaps initial studies should concentrate on identify-
ing veneer yield differences and then analyze if veneer quality has a

potential effect on mill operation.

Block Temperature

The block temperature profiles as recorded at the lathe exhibited
so much variation of temperature along the block radius that the effects
of the heating on veneer peeling was suspect. Obviously, if block peel
temperatures are to be a study variable, a measurement of block tempera-
ture is necessary to classify blocks according to their actual tempera-
ture at peeling. The infrared sensor with the data acquisition system
proved to be a measurement method suited to the mill environment. It
should be utilized in future studies. If covered vats for floating logs
are to be studied, the infrared sensing at the lathe can give block
temperatures where thermocouple instrumentation of the blocks during

heating is impractical if not impossible.

Lathe Settings

The results of this study indicated a significant influence of
block diameter on veneer yield and thickness variation. This observa-
tion was probably due to block diameter-lathe geometry interaction.
Earlier mentioned research showed lathe settings can have an important
effect on veneer yields. Therefore, to control future mill studies,
lathe settings must be known and monitored if comparisons between peels
are to be made. In of itself, lathe settings represent an area for more

research at the mill level.
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Computer Based Data Acquisition

To quantify mill operations as realistically as possible, studies
should be run at close to normal practice as possible, i.e. at current
mill capacity and production levels. This would require great effort to
accurately grade, measure, and tally the veneer produced from the study
blocks.  Clearly, a computer based data acquisition system would
simplify the task. Most veneer mills today employ automatic veneer
clippers that can clip the veneer ribbon to maximize full sheet pro-
duction of the upper veneer grades. These clippers could be instrumenta-
ted with the appropriate data acquisition system to provide a tally of
veneer items, total veneer recovery, and veneer grade. Such a system
would not only be of great research value but would also provide the
cooperating mill with valuable information. An instrumented lathe could
be tied into the clipper system to provide a measurement of veneer yield
at a particular lathe setting. A well documented study would result
that could be repeated until the designed statistical operating char-
acteristics are achieved.

The problem of measuring veneer quality cannot be solved until
adequate transducers are developed that accurately and repeatably
reflect differences in the components of veneer quality. Block heating
can be evaluated with a system similar to the one developed for this
study.

With the advancement of technology, computers are less expensive
and more powerful. Interfacing of computers to the phsyical environment

is being simplified by the same technology. If computer based data ac-
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quisition systems were not feasible in the past due to technical or
economic reasons, their deployment in scientific research should be re-
examined. These research tools could then be modified to continuously

monitor mill production.

Summary

Future mill studies of the peeling operation should be run at mill
conditions to accurately measure veneer yields. A computer based data
acquistion system monitoring block, lathe, and clipper conditions would
allow such studies to be realistically implemented. At this time, the
sensing of peel quality at production conditions is not possible.
Measurement systems must be developed prior to the incorp&ration of
veneer quality into actual mill studies.

The amount and frequency of sampling and the methods utilized to
reduce and statistically analyze the mill study data would require
careful planning and the close attention of a qualified industrial stat-

istician.
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STOCH FOm s s1atE

ANALYSIS OF VARIANCE FOR VARIAALE

Pull Sheets AB §

SUM Oti—soumss_—uzmsomc

é

SOURCE o ] 4
‘,\" DAY 2 42.17556 21.0877778
TRY 2 61.85407 30.9270370
—ERHOR A 4 39.48815—8.8220370 S
) 0lax% 2 TT.78741  38.8937037
TRT®D]Ax 4 80,1007« 20,0251852
ERA0R o 12 ian 74963 15.145802S
) RES TOUAL S4 611.58667 11.3256790
CORRECTED TOTAL 80 1094 ,54222 13.6817778 )
¥ESTS _ §OURCE DE.__SUM OFE SQUARES  MEAN SQUARE. . F VALUE . —
NUMERATOR:  TRT 2 61.85407 30.9270370 3. 14874 usl
DENORINATOR: FRROR A . 39.28815 9.8220370 )
NUMERATOR:  NJaM 2 T7.78741 38.8937037 2.56795 NS o
ODENOMINAIOR:. ERKROR. B 12 1&; 14963 1S.1458U025
NUMERATOR: IRI*NIAM ry B0.1007A . 20.0251852. 1.32216 NS e e e
DENUMINATOR: FRAOR B 12 18)1.74963 15.1458025
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STATISTIlICAL ANALYSTS SYSTEM

ANALYSIS OF VARIANCE FOR VARIABLE Full Sheets CD

e SR OF  §UM-OF—SQUARES — MEAN_SUUARE
., “ L .v N , . Lo ‘ \\“ 'n" ) . .
: : SRR 2 2564.2452  1282.12259
2 25.7874 12.89370
ERHROR—A . 31133944 278.34852 —
PE B P w
Lm0 pras 2 2803.5163  1401.75815
TRESDIAN N 1366.0185 341.50463
ERROA_4 12 1237.1007 103.00173
) RESIOUAL Se 21489.8000 397.95926
CORRECTED TOTAL 80 30599.4622 382.49828
TESTS_______ SOURCE OF__SUM OF SQUAHES _ MEAN SQUARE £_VALUE —
 NUMERATOR:  TRT 2 25.7874 12.89370 0.04632 NS
; DENOMINATOR: ERROR A N 1113.394] 278.34852
! . * o _
INUMERATOR: 1AM 2 2803.5163  1401.75815 13.59719 e
OENOMINATOR: ERRON_3 : 12 1237.1007— 103.09123
| |
MUMERATOR: _ YRISDIAM A 13660185 341.50463 . 3,31263 —____°» e
DENOMINATOR: FRWOR 12 1237.1007 103.09173
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STATISTICAL

ANALYS]S

SYSTEM

L
V-

rean’

Anagd

ANALYSIS OF VARIANCE FOR

VARIAGLE Full Sheets Utility )

———

—SOURCE

Y

LB

DF— SUM_OF_SQUARES—— MEAN-SQUARE

405.80840

COAY 0 50 2 - 202.904198
RY 233.17506  116.587531
A . A A56.35012 116587531
! [ .
otaM . 2 168.83877 84.419383 '
TRY®DIAM . 407.19086  101.797716
— - vz sﬂﬂﬂﬂ a 12 ;152 04%926 94.004938 -
I RESIDUAL Se 1756.95333 32.536173
CORRECTED TOTAL 80 4590,37580 57.379698 o

Tests. SOUICE DF _SUM OF SQUARES _ MEAN SQUARE K WALUE
NUMERATOR: TRY 2 233.17506 116,587531 1.00000 NS
DENOMINAYOR: ERROR A 4 466.35012 116.587531
[
NUMERATOR: DlAM 2 168.83877 84.41938) 0.87932 NB'
DENOMINATUR: ERROR B 12 1152 n%qéh 96.004938 _
uuhcn;xnn;___xnjgnlAn rY 407.19086 101.792716 1.06034 ‘NS'
DENOMINATOR: FRHOR B 12 1152.05926 96.004938
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ANALYSIS OF VARIANCE FOR VARIABLE Half Sheets AB ‘
e OF SUM-OFSQUARES— MEAN-SQUARE
e I O 1.334321 0.6671605

LOLRECE-

2 43.283210 21.64106049
r 4 10145679 2.6864198 r -
cel v olaM o o 2 27.349136 13,6745679 ar
TRT®D[AM 4 46,548642 11.6371605
- 5nunu a8 12 1n'55nnnn 2'RA1H\(\(\A - e
. RES IDUVAL 54 261.066667 4,8345679
CORRECTED TOTAL a0 420,80765+ 5.2600957
" . . ) 2
¥ESTS —— SOURCE OF—SUM-OF SQUARES ——MEAN-SOQUARE—— F WALUE .~ ——
_NUMERATOR:  TRY 2 43.283210 21.6416049 8.05593 .
i DENOMINATOR: FRROR A s 10,745679 2.6864198
g ] R [
I NUMERATOR:  DTaN 2 27.349136 13.6745679 S.38369 .
DEMOMINATOR: - ERROR .8 12 J0. 480000 2.5400000 e e
]
MAERATOR: IRIS0Iam A 456, 548642 11.637160S8 A.58156 - — e
OENOMINATOR: ERHOR o 12 30,480000 2.5400000
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T RN - R T . T
Jo L X'Vuﬂ : . ; g - ...,.m.w._,...-.‘;vmu‘l
. ; e

ANALYSIS OF VARIANCE FOR VARIAHLE Half Sheeta cnp

SOURCE OF —SUM-_OF SQUARES— MEAN-SUUARE

“oay’ ‘ T 2 1049045210 5244726049
1Aarv 2 987.76025  493.880123
: Y 112.44668 28311420
 pram L o 2 61.84617 30.923066
TRI®*DIaAM 4 446.43160 111.607901)
i . EAKOR 8 —e. 12 1140.666617 95.055556
o RESIDUAL 54 3632.682000 67.274444
CORRECTED TOTAL 80 7431.42247 92.49278) -
ItSIS:__n.___snuRCE DE_SUM_OF SQUARES _ MEAM SQUARE . F MALUE —
_NUMERATOR:  TRT / 2 987.76025  493.880123 17.56867 »
| DENOMINATORT ERROR A s 112.44568  28.111420 : T
. | .
fnumerator:  nlas 2 61.84617 30.923086 0.32532 NS
| DENOMINATOR: ERROR_B 12 1140.666617 95.055556 e
MUMEBATOR:  TRISOIAM A 445.43160 111.60790) 1.17413 . N —
DENOMINATOR: EAROR 8 12 1140.66667 95.055556
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. e et et e e e e e
VARIANCE FOR VARIABLE Half Sheets Utility . i -
OF—— SUM—-GF-SAUARES——MEAN—SQUARE

oo @7 Ul 5458099 2.7904938

90.43654 45.2182716
16— 20—

2 56.02247 28.0112346
TRT®D[an s 175.63012 43,9075309
e §RROR- 8 12 1S2.13407 62.6611728-
T ‘. . RESIDUAL 54 20859.58000  52.9551852
CONRECTED TOTAL Y 4200.41580  52.5051975
SIS, gouace DF__SUM OF _SQUARES _ MEAN SQUARE K VALUE . s
_NUMERATOR:  TRT 2 90.43654 45.2182716 0.69302 ns
Eocnonmuoa: ERROR A s 260.99160  65.2479012
g [ _
‘ Ewnzauon: DTAM 2 56.02247 28.0112346 0.44688 NS
DENOMINAIOR: ERROR 8 12 152.1714017 62.6811128
MuERATOR: IRILDIAM ry 115.63012 A3.9015309 0.1004% NS
DENOMINATUR: FRROR 8 12 752.17407  62.6811728
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STaAaTIST1ICaAL

ANALYSIS

SYSTEM

FY

ANALYSIS OF VARIANCE FOR VARIAALE Random Hidt?m AB “

- BOURLE DE-—SUM-—OF—SQUAHES — MEAN-_SUUARE
oA 2 22.260741  11,1203704 o
1.178519 0.5892593
- ERROR A P 3.194074 0.1985185 -
T gram 2 11.166667 5.5633333 :
TRY*0]AM 4 4,510370 1.1275926
- SRROR_B 2 30.109630 2+.5591358
M RESIOUAL Se4 75.920000 1.4059259
CORRECTED TOTAL 80 148,920000 1.8615000
1esIS vsngm:l-' DE _SUM OFE_SQUARES _ MEAN SQUARE = F VYALUE 7
:NunERHOR: TRY e 1.178519 0.5892593 0673794 NS
§ocuomunon: ERROR A 4 3.194074 0.7985185 3
g
gNUMERHOQ! DIAM 2 11.,166667 5.5833333 2.18173 NS
DENOMINATIORI ERROR B 12 30.109630 2.5591358
MUMERATORE _ JRISDIAM. A A.510370 3.1275926. . Q.44006) ' NS
DENURMINATOR: ERROR B 12 30,709630 2.5591358
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SYSTEM

er G

e

4 .

F

ANALYSIS OF VARIANCE

. : . L
FOR VARIASLE Random Widths CD |

[ B

- 349,74691

174.873457

257.36765

128.683827

4 $45.77901 136.444153
i ' F I $56.73506  278.367531 L
TRTeDIAM . 378.37531 94.593827
ERA0R_ 8. 12 1061 .24519 $8.43709¢9
T
. RESIOUAL 56 3170.37333 S58.710617
CORRECTED TOTAL 80 6319.62247 78.995281
SIS gouRce DE__SUM OF SQUARES — MEAN.SQUARE & VALUE . 1 - -
. NUMERATOR:  TRY 2 257.36765 128.683827 0.94312 ns
1 DENOMINATOR: ERROR A . 545,77901 136.444753
, :
FNUMERATOR:  pram 2 $56.73506 278.367531 3.14763 NS
DENOMINAIOR:-ERROKR_B 12 1061 .24519 28.437098 —
NUMERATORI  3RI201AM Py 378.3753)_94.593827 106962 . . NS -
DENOMINATOR: ERROR 8 12 1061 .24519 88.437099
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STATISTICAL ANALYSIS SYSTEM
:;;'4 ‘ ST il e L ke oo e v
ANALYSIS OF VARIANCE FOR VARIAGLE Random Widths Utility]
VT d.essies 1.02259289 '
2 0,49555% 0.240777778
" —$.58148) —1.39537037
X ’ ‘ , . Lol S ] 2.168889  1.08444444 5
TRT*D14AM k . 2,393333  0.59833333
- sam a8 - S - - ~— . 12 21.3121118 2.21648)148
 RESTOUAL S . Se 83.006667  1.53716049
CORRECTED TOTAL ' 80 124.608889  1.55761111 -
SIS gouace OF _SUM OF SOUARES — MEAN SQUARE —  § VALUE
NUMERATOR: TRY 2 0.495556 0.24777778 0.17757 Ns
DENOMINATOR: ERROR A . 5.581481  1.39537037 -
: | B
NUMERATOR: NIaM 2 2.168889 1.084444404 0.47637 NS o
OENOMINATOR: ERROR- 8- 12 21.317118 2.27648148 - -
m;_xnlnnlAu s 2.393333 0.59833333 0.26281 NS ——
DENOMINATOR: ERROR 8 12 21.3177118 2.27648148
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EM

R TR Tt “

ANALYSIS OF VARIANCE FOR VARIABLE

e

Fishtails AB ’ 1

miorraidae b IS o

" 8.5232099  2.26160494

TwRT 0.0306173 0.01530864
gt e R OR— A . 4 0212346 0+25530864 r
ﬁ' 7 01AN N 2 2.8476543 1.42382716

0 :

TRT*0laAM LY 0.4123457 0.10308642
r ERROR-& 12 4.8537118 0.40481448)
K *. . RESIOUAL 54 15.4400000 0.28592593

CORRECTED TOTAL 80 29.,13281395 0.36416049

IESTS - SOURCE

waen

DE_ SUM.OF_SQUARES ——MEAN-SQUARE £ VALUE
NUMERATOR: TR 2 0.,0306173 0.01530864 0.05996
§ DENOMINATOR: (RRO:‘ A 4 1.0212346 0.25530864
i .
gNUNEQAIOR: 0laMd 2 2.847654)3 1.42382716 3.51723
OENOMINATOR: ERNROR & . . e A R 40 85T T T8 0. 4048 148)
uiuauxom IRIsDlAN A 04123457 0.10308642 0.25465
DENOMINATOR: ERROR B 12 4,8577778 0.40481481

NS

NS
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ANALYSIS

SYSTVEM

FOR VARIABLE Fishtails CD ’

B i ke ¢ T

D5 SUM_OF_SQUARES-—MEAN_SQUARE
2 0.256543  0.1282716
2 22.199506  11.099753]
- 4 10.,292346 2.5130864 i _
l‘»oun T 2 34.078765  17.0393827
TAT*D 1AM . 38,359012 9.5897531
~ - ERROR_8. 13 Ll_ﬂ;ss% 5 3552%1 -
RES IDUAL Se 390.773333 7.2365432
CORRECTED TOTAL 80 557.775062 6.972188)
t,_i:‘-',-“ R
TESIS L SOURCE OF.__SUM OF_ _SQUARES __ MEAN _SQUARE £ VALUE .
_NUMERATOR:  TRT 2 22.199506  11.0997531 4.31379 us
iocnonmnom FRROR A * 10.292346 2.5730864 ; o
! e B
jnuMeRatoR:  nian 2 34.078765  17,0393827 3.30779 NS
DEMOMINATUR: ERWOE B 32 $],815556 —— 5,1512963 - -
MUMERATORZ __TRTSDIAM A 38.3590012 — 9.5897531 - 1.86l62 . NS
DENOMINATOR: ERROR © 12 61.815556 5.151296
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< owe T e i “ . al

ANALYSIS SYSTEM

ANALYSIS OF VARIANCE FOR

VARIABLE Fishtails Utilityl

2.5402469

1.27012346

0.2195062

0.10975309

048364158
Ywrd 8304158

" 0.1958025

, L 0.09790123
TRI®DIAM 4 1.1723457 0.29308042
. - ERROZ B 12 4,38024012 0.36506113
T ~. RESIDUAL 54 8.2133333 0.15209877
CORRECTED TOTAL a0 18.6565432 0.23320679
N g " . 3
TESTS . gQURCE A DK SUM OF - SQUARES — MEAN-SQUARE K VALUE . - —
. NUMERATOR:  TRT 2 0.2195062 0.10975309 0.22693 s
F —
§ DENOMINATOR: ERROR, A s 19345679  0.48364198
EnuMERATOR:  praM 2 0.1958025 0.09790123 0.20818 NS
DENOMINAIOR: ERROR -8 12 4.36807402 0.365061213
MUMERATOR? | 3RT207AM A 1.1723457  0.29308642 0.80284 N8 |
DENOMINATOR: ERWKOR B 12 4.3807407 0.36506173
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Analysis of Variance Tables
for

Veneer Grade



STATISTICAL ANALYSIS SYSTERMN : ’ ‘ .

(f,.x'i)’\‘lrr f‘" o

[N i
TR

ANALYSIS OF VARIANCE FOR VARIABLE Veneer Grade A - . .
QF.__SUM OF SQUARES  MEAN SQUARE.

oy

2 7 171.0s260 7 e5.976020 ; .
T2 37.52914  18.764568
£9.06272  17.265619 i
) , 2 271.21260  135.606620 ¢ ., A
T T T RTenian ' - . 38.50049 9.625123
- — EAROR_B 12 $311.09}111 44,.25971593
Y RESIDUAL _ 54 1191.82667 22.070864 ,
" CORRECTED TOTAL = 80 2311.17580 28.869698 o
| TESTS _ SOURCE DF__SUM OF SQUARES MFAN SQUARE  F WALUE |
) NUMERATOR S TRT 2 371.52914 18.764568 1.08681 Ns’
i""&‘dﬁi’iﬁb&x ERROR 4 ] 4 69.06272 17.265679 B
! : : -
] MUMERATOR:  OTAW 2 271.21284  135.606420 3.06403 T us
DENOMINATOR: ERROR 9 12 $31,09111 44,257593
- . IR ] h ‘ . ‘_,l .
MUMERATOR: _ YRT®DIANM . s 28.50069 94625123 0.21740 L NS
DENOMINATOR: ERROR © 12 531.09111 44.257593
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8.820000

" 4441000000

8.820000  4.41000000
4 - .11-5401‘]00' 4.41000000
T TR 2.609630 132081081 i
s 5.299259  l1.32481481 '
eevere—erre ERROR B , 12 15.8911178 1.32481481 .
- i - mESIOUAL ' Se 102.573333  1.,89950617
A T CORRECTED TOTAL 80 161.700000 2.02125000
SR ' R, S T o
SIS DF  SUM OF SQUARES MEAN SQUARE ' F VALUE ' -
_NUMERATOR:  TRT 2 8.820000  4.41000000 1.00000 Ns'
fﬁéﬁbniiinom ERROR A s 17.640000  4.41000000
éuuncanom DIAW 2 2.649630  1.32481481 1.00000 _—
DEMOMINATOR: ERHOR 8 12 15.897778 __1,32481481
MMERATOR: _TRISOIAN . 5.299259  1.32e81a81 - 1.00000 ¥ W5
12 15.,89717118 1.32648148]1

DENOMINATOR: ERROR 8




STATISTICAL

ANALYSIS SYSTEM

©

D

v
\

ANALYSIS OF VARIANCE

~OE. _SUM QF SQUARES .. MEAN _SQUARE

R 2 5.35407¢1  2.67703704
- 4 10.708148) 2.61103704 . -
o 2 - 2.206667  1.10333333 70 INT ‘3 Gy, ;
4.7881481  1.19703704 —

r— —ERBOR 8 12 14,1496296 1.17913580
St Res1ouAL " 54 10.7333333  0.19876543
T CORRECTED TOTAL 80 54.5000000  0.68125000
PR R TR e o

TESTS - SQURCE

DF__SUM OF SQUARES  MEAN SQUARE __ F VALUE i

Sy

_ NUMERATOR:  TRT 2 543540741 2.67703704 1.00000 NS
éoeuouiiﬁoa: ERROR A 4 10.7081481 2.671703704
i . ‘ . . .-
§ NUMERATOR:  DIaW 2 2.2866667 1.14333333 0.96964 N8
DENOMINATOR: ERROR 8 12 141496296 1.17913580

MUMERATORS  TRTSDIAM ' a 4.7881481 _ 1.19703708  1,01518 ' NS
DENOMINATOR: ERROR B 12 14.1496296 1.17913560
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STAT]ISTICAL ANALYS:

1S SYSTEM

O e Lk L
L . PN Ceh N, »

v
£,

O 7 2

Hr Sy e

: : , o v ERR
ANALYSIS OF VARIANCE FOR VARIABLE Veneer Grade C

U
"

s ' /
S P YR RN

N .

M : 3438.6289

DE _SuM OF SQUARES _ MEAM SQUARE
. SN . v Lo S P ' e

N 2943.5696 14T1.78481

8.0600 4.03000

1885.71593 .571.53951

I719.00088 P

TRT*D]AM

1556.4778 389.11944
- ERROR A i . 12 4227.60133 352.30611
T. 7Y RESIDUAL o 54 17101.3533 316.69173 '
CORRECTED TOTVAL (-1 31161.7222 389.52153
TESTS SOURCE i DF__SUM OF SQUARES  MEAN SQUARE £_VALUE '
_NUNERAIOR: TRT 2 8.0600 4.,03000 0.00855 NS
; DENONINATORT ERROR A - _ ’ 1885.7593 471.43981 o
| | E
. R |
§NUM€RA10ﬂt DIAM 2 3438.8289 1719.41444 4.880406 »
DENONINATOR: ERROR 8 12 4227.6733 352030011
MMERATOR: _ TRT®DIAM R 4 1556.4718 389.1194¢ 1.10449 5~ NS
DENOMINATOR: ERROR B 12 4227.6733 352.30011
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STATISTICAL ANALYSIS SYSTEM
LR ST A v : S .
X PR Cen - o e Bl A -
ANALYSIS OF VARIANCE FOR VARIASLE Veneer Grade CD | . -

( | 9244.3832 " " 4622.18160
“llav.6128  574.80682
— Qﬂﬂ.bBAZ 170.1710%
AR LA ‘ % 8783336 “a39.16679 4 i
TRTSDIAN ‘ 1 . 2160.6516  540.16290
e EBBOR @ S — 12 4903.5215 408.62619% . . -
LS Teestou a0 T T T 56 11838.7867  219.23679 1 N
T CORRECTED TOTAL 80 30855.9536 385.69942
AT DF_SUM OF SQUARES _ MEAN SQUARE __~ F VALUE L
_NUMERATORI  TRT 2 1149.6128 574.80662 3.37782 ¢ NS
fomocmutom ERROR A S & 680.6842 170.17105 T R
i . : o S i
gnuuéanoa: 1AM ' | A 2 878.3336 439.16679 1.07474 g
) DENOMINATOR: FRROR B 12 _4903.521% A0H.02079
MM! __IRI®DIAN I 'Y 2160.6516 sao,nazqn___;__x‘zm__-*;;___g' NS
DENOMINATOR: ERROR B 12 4903.5215 408.62679
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ANALYSTITS

SYSTEM

i,

o [ -

. R SR T N R T .
| ANALYSIS OF VARIANCE F

- .’ BRI . Y
OR VARIABLE Veneer Grade vtility

_DE__SuM OF SQUARES _ MEAN SQUARE
L 487,69358

" 228.846790
649.70617  324.873086
182.161790 195.5412758
ﬁi.bau‘i h 205.842346 ) p
1059.97679  264.994198
. £RROA A S )2 598,30741 49,858951] -
" RESIOUAL L 54 4736,23333 87.708025
T CORRECTED TOTAL 80 . 8695.80988 108.697623 ’
1ests_ - souace : DF _SUM OF SQUARES " MEAN SUARE P wmvE 17 .
_NUMERATORS  TRT 2 649,74617 324.873086 1.66140 . NS
focuoiluAvoa: ERROR A N & . 182.16790 195.541975 f% e
! 5 8
§ MUMERATOR:  DlAm 2 411.68469  205.842346 4.12849 .
) )2 $98.30741 49,85895)

DENOMINATOR;: ERROR B

S TR ‘
MPFRATOR:  TRTISOIAM L

s 1059.97619

\

DENORINATOR: ERROR B

12 598.30741

49.858951

264,994198 S.31488 .1

:
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ANALYSIS SYSTEM

o N N 5 S X .
“ANALYSTS OF VARTANCE FOR VARTABLE Veneer Grade Raject | = 1 )
DE__SUM OF SQUARES _ MEAN_SQUARE
i/ visozs3es 0.296419753 Py ol
TT0.1706173 0.085308662 ]
0.3412346___ 0.085308642 e — \
i e.1706173  0.085308662 . )
0.7634568 0.190864198 — '
. ERRQR 8 12 1.868148] __ _0.155679012 ‘
’ "* RESIOUAL a 54 8.4066667  0.155679012 1
- CORRECTED TOTAL : 1) 12.3135602  0.153919753
TESTS SOURCE .. | Ui DE__SUM OF SQUARES MEAN SQUARE ' F WALUE -~
_ NUMERATOR:  TRT 2 0.1706173  0.085308642 1.00000 N8
?B‘cimumom ERRQR A Y 0.3412346  0.085308642 " ‘3
| MUMERATOR T DTAN = 2 0.1706173  0.085308642 0.54798 ~us-
DENOMINATOR: FRROR 8 12 1.8681481  0.1556719012
mmseratons | TRTSOIAN RS s 02630568 g.lg0msarve ' y.zzemy M8
DENOMINATOR: ERROR B 12 1.868148)1  0.]155679012

6eT
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Appendix A-3
Analysis of Variance Tables
for

Veneer Item and Total Recovery




STATISTECAL

ANALYSI

S SYSTEMN

e,

Cuts vy

RN RE i . e . o
ANALYSTS OF VARIANCE FOR VARIABLE PFull Sheets -
PF—UM—OE-EQUARES——MEAN—SQUARE—
2 2 0.16097708 0.080488938 :
2 0.02950699 0.,014753494
4 0+12960183 —0.0324004857 :
_ 2 0.27714669  0.1385733¢6 S . :
TRT*DIAN 4 0.13066012  0.032665031
- ERROR.-B. 12 028481518 0.023139598 .
e ' RESTOUAL sS4 2.07726733  0.038467914
CORRECTED TOTAL 80 3.09003602  0.038625450

i -

[

IESTS - SOUACE OF_SUM. OF _SQUARES— WEAN. SQUARE—— & ¥ALUE 1
_NUMERATOR:  TRT 2 0.02950699  0.014753494 0.45535

] DENOWINATOR: ERROR A . 0.12960183  0.032400457 N
I NUMERATOR:  DIAM 2 0.27714669  0.138573346 5.83722
OENOMINAIOR: ERKUA -8 12 0.28481518 0.023139598

NUMERATORI  TRYSOIAM. N 0.13066012 0.032665031 237591 4
DENOMINATOR: ERROR 8 12 0.28487519  0,023739599

an

NS

NS

vt




E FOR va

& LR

251 012626763 0,0631038108 ° i
2 0.12841607 0.0642080370
s 0-08145741—0.0120643500 :

_ _ 27 002022963 0.0101108108 PR IR LA )

TRI%01An . 0.10455585 0.0261389630

e ERROR. B - 12 0156710563 __0.0130588025 -
L RestouaL ‘ s 0.71636000 0.0132659259
CORRECTED TOTAL 80 1.30401222 0.0163001528

r e

“a

1ESTS SOURCE DE__SUM. OF SQUARES _ MEAM SGUARE ____§ WALUE 1
NUMERATOR:  TRT 2 0.12641607 0.0642080370 4.99116 ' s
§ DENONINATOR] ERROR A . 0.05145741 0,0128643519 ' ‘{
. . %

! NUMERATOR:  DIAM 2 0402022963 0.0101148148 0477456 NS
DENOMINATUOR: ERROK. 8 12 0+15620563—.0.0130588025

YA A R : .a ) T . . , )
MUMERATORE  JRISDIAM v 4 8.)04SS585  0.0261389630  _2.00l6a 7 B5 |
OENOMINATORS ERROR 8 12 0415670563 0.0130588025 o
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Seaa s .
s
kit & s

Ry

ANALYSIS OF

VARIANCE FOR VARIABLE Random Widths

Of SL“‘WS——“M

2 0,015306247

P . 0.0076531235 . : "
aen Dyiaiina B g il Adnsc, NI PG P i " SRS =z L
RT 2 0.024299728 0.0121498642
RRGR—A : 05391 0346— 0,01 34 175864 x -
[ y Y s ',' y oo c A :;"" S :
Sk STl T AN 2 0.051773654 0.0258868272 -, ° B Lo >
NI A TR Nl N e i i :
TRTDIAM 4 0.036044938 0.0090112346
»r - 59[)“ 8 - 13 g'nﬂeﬂhﬂ%} e_ﬂnﬂﬂ‘AZAﬁﬂ o rrr . —
. RESIDUAL Se 0.334317333 0.0061910617
CORRECTED TOTAL 80 0.612213210 0.0076526651
T O SENE ¢ * o
'-:',- - \.T('f P Afs N e
TESY . OF __SUM OF _SQUARES _ MEAN SQUARE £ _VALUE i [
_NUMERATOR:  YRT 2 0.024299728 0.0121498642 0.90149 NS
3 DENOMINATORE ERWOR A 4 0.053910346 0,0134775864 K
¢ ' 3
I NUMERATOR:  O1am 2 0.051773654 0,0258868272 3.21705 NS
ntuﬂu!mlﬂﬂ- Ennnn vy ;3 n‘ﬂobﬁkeel'\v j'l?eeenAh’Alhn U U
NUMERATOR:. . JRTLO 1AM : 4 0.036044938 0,0000112346 311986 ng S
DENOMINATOR: ERROR B 12 0,096560963 0,0080467469 -
e
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STATISTICAL ANALYSITIS SYSTEM

CR el e g . SR L :J ‘ . . . Y
R N A : { 1al, e . o L . o e sene g .

ANALYSIS OF VARIANCE FOR VARIABLE Total Rccovcry’

" 0430603291 0.133016457 ¥ cr e
0.18384817  0.091924086
0+ 035866870+ 021406642 -
" 0.27658254  0.138291272 3
0.03657516 0.009143790
0.19642652 0.016313043
S . .
.. RESIDUAL Se 1.90038067 0.035192235
CORRECTED TOTAL 80 2.98576254  0.037322032
IS qOouRCE OF—SUM OF_SQUARES — MEAN-SQUARE— & VALUE— ("~ —
_NUMERATOR:  TRT : 2 0018384817  0.091924086 4.208218 NS
i 5
§ DENOWINATOR: ERROR A e ‘ N 0.08586657  0.021466642 \ E,
! NUMERATOR: DIAM 2 0.27658254 0.138291272 8444628 L4
o‘ﬂﬂllu‘fﬂn' Eﬂﬂﬂﬂ 8 12 019641652 ﬂvn£h17lnA1 e
i O . . ‘2:“5;’" . ) R o . . ! :‘.‘
MUGERATOR: _ YRAYSORAM . 4 8,.03657516  0.0091A3790. . 0.S5842 . g -
DENOMINATOR: ERROR B 12 0.19647652  0.016373043
A

b
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Appendix A-4
Analysis of Variance Table
for

Veneer Thickness



STATISTICAL

ANALYSTS

SYSTEMN

© 0.00006065687

'0.00003032844'

U.00000001671

Q. 00001250037

0.00000000836

0,000003)2659 _

<,

ﬂ’vz

'0.00001598692"

o 00003197385 ’
e 4 0.00000603775 0.00000150944
Fﬁeqﬂ‘b — - 12 - 0.09002918630 0.00000243220 - .
o&éfcrzo YoTaL’ ' 26 ©.00014037792 0.00000539915 - . :
ttsts o ;Souhct A3§?7 ”'M'§iw DF SUM OF SQUARES  MEAN SQUARE F VALUE
NUNERATOR: FRpEN L o 2 0.00000001671 0,00000090838 9200267
DENOMINATUNRS FRHOK A 4 0,00001250637 0.000003126%9
i— g e S ~ , , r——
g nuusnAroax Cotam, P o g 2 0.00003197385 0.00001598692 "' 6.57304
é DENONINATOH: FREUN H 12 0.00002918636 0,00000243220
WUMERRTORT _TRT#OTAN & 0.00000603775 0,0000015094% 9.62061 NS
DENOMINATORS' ERHOR @ . © ' oG L 12 0.000029114636 0.00000243220 N : 3

<y

oo
L
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Appendix A-5
Analysis of Variance Tables
for

Green Veneer Market Value



‘ STATISVICAL ANALYSIS SYSTEM
- . Lo ko . b i e i
‘ ANALYSIS OF VARIANCE FOR VARIABLE Green Veneer Market Item AB |
OF—SUM—OF—SUUARES —MEAN-SQUARE
o .
A LR 0.15665020 0.078325101 L
2 0.26870618  0.134353091
‘ » 102213671— 94025553416
 oram T SRR 2 0.81188506  0.405942522
TRTSDIAM 4 0.20218480 0.050546199
- e RKOR 3 12 1159787184 0.006648986
b Il T ——
T -0 RESIDUAL 54 "4.32587399  0.080108778 .
CORRECTED TOTAL 80 7.02730172 0.087841272 S
e ' o
TESTS SOURCE OF——SUM OF . SUUARES. . MEAN-SQUARE * vaLug- :

JNUMERATOR:  1ay 2 0.26870618  0.134353091 8.25773 NS
: e -

§ DENOMINATORS ERROR A 4 0.10221367  0.025553416

! . ,

Inumenator:  nram 2 0.81188508  0.405942522 4.20017 . e -
OENOMIMATOR: ERWOR g 12 1.15978784 — 0.096648986- — _ )
MUMERAIGR: _ ¥RISDIAM A 0.20218480 0.050546199. . §.82209 . y] NS o i

! DENOMINATOR: FRAQOR 4 12 1.159787084 0.096648936
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ANALYSTIS SYSTEM

GO e

-

FOR VaARIABLE

o e

Green Veneer Market Item CD |r

b IR

L.

SUM-—OF—SUUARES — NEAN-SUUARE-

9.2160275  4.60801375
2 1.0330732  0.51653662
—4 17922008 0.44807545
2 5.9936543  2.99682714 , g <
TRT*0 1AM . 1.57063586 0.39408966
+—ERROR b 12 —2.08530980 0.12109150 .
RESIDUAL 54 33.1249032 0,61342413
CORRECIED TOTaAL 80 54.7894167 0,6848677)
Tests _ soumce DE__SUM DE SQUARES _ MEAN SQUARE  F VALUE
:NUNERHOR: TRTY 2 1.0330732 0.51653662 1.15279 NS
?oeuonwnoa: ERROR A 4. 1.7923018 0.,44807545 o
: ‘ S
ENLMERAH)!N Niav 2 5.9936543 2.99682714 17.51593 i
DENOMINAIOR:. ERROR i W) 2+0530980 0.32109150 1 [,
MUMERATOR:  YRISDIAM 4 1.5263586 . 0.39408966 . 2.30339 " NS
DENOMINATOR: FRROR 8 12 2.0530980 0.17109150
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STATISTICAL ANALYSIS SYSTEM

) el ' TR ST Ry
(W} o T

ANALYSIS OF VARIANCE FOR VARIABLE Green Veneer Market Item Utility |

OF—5UM—OF —SQUARES ——MEAN-SQUARE
—BF-—5UM-—OF—5

K

0.120220778

‘2 0424044156
2 0435356980 0.176754898
+ v 415558950+ 193889731
p 2 0.23004368  0.115021839 3 :
s $id. i n
TRT*DIAM A 0.61673496 0.154183739
T'?‘ . v{nﬂm e 12 O ‘lee!kz&g e_n]:)mh
e - RESIDUAL sS4 2.56235317  0.047450985
CORRECTED TOTAL 80 4.80544574  0.060068072
RIS "f" . B
TESTS _ gouRCE OE_ SUM.OF_SQUARES MEAN SQUARE £ ¥WALUE
_NUMERATOR:  TRT 2 0.35356980 0.176784898 1.70166 s
i R
; DENONINATOR: FRROR A . 0.41555895  0.103889737 J
. v
gNU"E“ATOR: DlaM 2 0.23004368 0.115021839 3.56893 .
MM&\I!MAIHD' ERNOR. - %3 O hu;‘l%m ﬁﬂfﬂi)ﬂzﬂhih -
- i
m;__'ullngnn . Ao 0.61613486 0.154183739 £.38406 -
DENOMINATOR: FRROR 8 12 0.38674364  0,032228636
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STATILISTIl1CAL ANALYS]TS SYSTEM

SR B GRS R R T AL A . e ‘
lNALVSlS OF VARIANCE FOR V‘RIABLE Green Veneer Hprk.t Item Tot.l . “whb
DE——SUM_OF - SQUARES— MEAN-—SUUARE——
T2 s.s762501 | 2.78812707
2 0.7653575 0.36267875
4 144061439 0.35153592
o ' _"‘0‘3‘, T
, , 2 T.3414313 3.87071566 . hr
TRT*D 1AM . 0.7590855 0.18977136
snunn o . SA— SR - 12 . 35688158 0. _2_0721052
.. RESIOUAL o 54 30.6425187  0.56745405
CORRECTED TOTaL 80 50.0576664 0.62572083

DE SuUM OF. snuM—SﬂUARE_———__L_IAUJE____*

_NUMERATOR:  TRT 2 0.7653575  0.38267875 1.08859 NS
§ DENOMINATOR: ERROR A K ' . 1.4061439  0,35153597 )
N R . o '
fnumerator:  oram 2 7.3414313  3.67071564 12.34935 .
DENOMINAIOR: ERROR B 12 31.566815S 0.29723962
i v (
MMEBATO2Y  yRYeQiAM . 0.7590855 __ 0.18977136 ___ 0.63845 NS
DENOMINATOR: FRHOR 12 3.56687S5  0,29723962
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APPENDIX B

Economic Analysis
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Table B-1. Green Veneer Market Prices (FOB Mill), January 1, 1978 to
Mareh 31, 1978.
$ per 1000 sq. ft.

Grade Item Low High Range Mean
AB Full 57 .50 58.50 1.00 58.23
Half 55.50 56.50 1.00 56.23
CD Full 33.25 35.50 2.25 34.83
Half 29.00 31.50 2.50 30.81
Random 16.75 20.00 3.25 18.54
Fishtail 11.50 17.50 6.00 14.21
Utility Half 18.25 20.00 3.75 18.58
Random 13.00 16.00 3.00 14,19




"Economic Analysis

Cost estimates used in the analysis were obtained from a
variety of sources. Bonney, Bennett & Peters, Consulting
Engineers, Eugene, Oregon, provided the construction cost
estimates. The industrial survey was used to estimate annual
operating expenses. Discussions with mill personnel of various
firms gave insight into production levels and costs associated with
preheating.

Since the results of this study indicated vene? value was not
increased by preheating, a rate of return (ROI) of zero percent was
assumed to find the recovery increase where preheating would begin
to pay for itself on an annual capital cost (CR) basis.

Annual operating costs were calculated for hot water vat (2)
and steam chest (8) systems adequate for a mill producing 75 to 80
million square feet of veneer annually. The systems correspond to
the covered vats for floating logs and steam chest with steam
injection described earlier. Costs are for the western Oregon
region.

I. Steam Chest Construction Cost Estimate

A. First Cost

1. Site work $ 2,000
2. Concrete, Installed 149,640
3. Doors, Vents, Hardware 12,000
4, Boiler, Installed 34,800

5. Piping: Heat Exchanger,
Water Recirculation for

Steam and Condensate 50,000
6. Electrical 50,000
7. Mobil Equipment 70,000
8. Engineering 15,000
Subtotal $382,440
10% Contingency 38,244

Total Cost $420,644
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B. Annual Cost

Assumptions:
Life Expectancy 7 years
Salvage Value - 0

1. 0% ROI

_ (first cost - salvage value)
CR
life expectancy

($420,644 - $0)
7 years

CR = $60,092/year

II. Hot Water Vat Construction Cost Estimate

A. First Cost

Concrete

Control Houses, 2 Required

Water Storage, 1 Tank

Piping: Heat Exchanger, Pumps,

Valves, Screens, Piping

5. Mechanical Equipment:
2 Block Transfer Systems,
2 Jackladders, Qutfeed
Conveyor (60 feet), Walks
and Stairs, Miscellaneous
Steel

6. Engineering

EWN -
e o o

Subtotal
10% Contingency

Total Cost
B. Annual Cost
Assumptions:
Life Expectancy 7 years
Salvage Value 0
1. 0% ROI

(first cost - salvage value)
CR = :
life expectancy

($580,393 - $0)
7 years

CR = $82,913/year

$120,000
15,220
46,000

131,500

199,930

15,000

$527,630

52,763

$580,393
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i III. Annual Operating Expenses

‘ It was assumed that the heat reugirements of both systems
would be 10 million BTU per year. One million BTU was assumed
to cost $2.25. Maintenance costs were fixed at ten percent of

fixed cost.

A. Steam Chest

1. Chest Maintenance, Mobile $ 42,064
Equipment Included
2. Block Heating 108,000
10 MM BTU ,240 days 4 20 hours , _$2.25
year year day MM BTU
3. Mobile Equipment Operation | 57,600
240 days , 20 hours , $12
year day hour
4,  Manpower (2 men) 50,000
Total Cost $257,664

B. Hot Water Vats

1. Vat Maintenance, Material Handling
Equipment Included $ 58,039

2. Block Heating 50,000
Total Cost $216,039
IV. Total Annual Cost
A. Steam Chests
1. 0% RO
Capital Recovery $ 60,092
Operating Expense 257,664

Total Annual Cost $317,756



B. Hot Water Vats

1.

0% ROI

Capital Recovery

Operating Expense

Total Annual Cost

$ 82,913
$216,039

$298,952
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Questionnaire
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QUESTIONNAIRE
BENEFITS OF HEATING VENEER BOLTS PRIOR TQ PEELING

General Questions

Do you heat your bolts prior to peeling?

What benefits, if any, are obtained by preheating?

Do these benefits outweigh costs (by how much)?

Do you sort prior to heating {by species, log grade, log diameter, frozen logs)?

What is the desired temperature at the core (or other depth) for these sorts?

What are your heating cycles for each sorted class?

What do you think is the temperature at the lathe?

What is the surface temperature after round-up?

What is the temperature of the core after peeling?

What is the temperature of the steam or water in your vat?

Description of Heating System
What type of system are you using (hotwater bath, steam spray, continuous cr batch system, etc.)?

How many vats do you use?
What are their dimensions {iength, width, height)?

What is their capacity (size of charge)?
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Number of vats in use at any one time?

What is their construction (a sketch would be welcomed on facing page)?

Doors or covers?
| Vat walls?
Location and size of vents, and intake holes?

How are the vats cleaned?

How often do you clean them and what is done with the residue?

Do you havé Ph control of process water?

Is your heating medium being circulated? Please describe.

What is your temperature control? {instrumentation used?)

Where is the temperature sensor located?
Are the controls always functional?

How do you make sure that the temperature is maintained at the desired leyel?

How much steam/water is consumed per charge to raise tha vai temperature to the desired temperacure?

Aow much steam/water is needed %o maintain the desired temperature?
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How much condensate/waste process water is produced per charge, and how is it disposed?

Lathe Qperation
Which thicknesses do you peel?

Do you peel 8ft as well as 4ft blocks?

To what core size do you peel?

At what speed do you peel?

What are your lathe settings for each thickness peeled?:

Horizontal nosebar opening?

Nosebar clearance?

Knife tips above center?

What is the knife setting:
Knife angle?

Back bevel?

How often is the knife sharpened?

How many times can any one knife be sharpened?

How long does it take to remove and replace the knife for sharpening?
Do you know the horsepower required for your lathe?

How many spin-outs do you experience per snift?

How many spiit-outs do you have per shift?

Materials Handling (Please give rough sketch)
What is your method of loading the charger?

Wwhat is the time needed tg icad/unload your vat?
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How many men are required to load the vats?
How much time passes between opening of the vat and peeling on the lathe?
What is the number of charges per vat per day?

Costs
What is the original cost of constructing your vat?

When were they constructed?

What is the life expectancy of vats?

What does it cost to maintain yogr vats?

What was the ariginal cost for your materials handling equipment?
What is the maintenance cost for this equipment?

What .do you have to pay for manpower:
Loading personnel?

Maintenance people?

Systems support Tike jathe maintenance, knife grinding, etc.?

. Additional questions
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Please describe any part of your Preconditioning system you feel is ynusyal (evaporators, heat

exchangers, circylation systems, material handling, etc.) and theijr advantages or
disadvantages.

To what extent does yOur preconditioning increase your veneer yijeld, if at al]?

Please name prosiems With preneating, such as iog degrade, :ccidents, etc.
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Do you think that future pollution standards on discharge will affect you and what shall be
done about them?

What improvements would you like to see in your system?

Do you have any studies you have done on the benefits of preheating? If so, could we share
them with you?
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APENDIX D

Block Heating Simulation
Program and Sample Qutput
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-
- FLZuLS TR/UT/19, 22.45.173,
- 00001 C SIMULWTICN UF LUGHSATING
04302 3
00v03 C FROGRAM <EQUIRES INFUT LAFDS WITH TH:I FULLOWING INFORMATION
Dunos C CARu NO. FIELD N0 JOLUMN FO2MAT VARIAZLE NAME
32405 C
~ 08388 -6— - & 1 N S 1 R FL045. o BELY
00007 C 2 11=24 F10.5 JELTR
44 3C8 G
004303 C 2 i 1=-4 Iy RACIUS
N 003010 C 2 10-13 I4 DEPTH
00311 © 3 20-29 F3.3 TOONE
- 80032- - N —30=40. . _ _Fliat DIFF ___. I
00312 C
0030464 C 3 1 1-6 Foe2 TMED
00915 C 2 8=-13 Foe2 TNITAL
00716 C 3 15-20 FBa2 TCKIT
00017 C 4 22+~23 12 PRAT
- 0udis £ 5 25-26. Iz IPLOT o
- 00019 ¢
83928 ¢ VAKIAALES IN THE PRCGRAM HAVE THE FOLLOAING MZANING
0002t C
gg022 ¢ DELT TIME 3TEP, IN SECONDS
00023 ¢ DELIR ODISTANCZ BETWEEN NODES
-~ 00024 DEETH __ DISTANGE FROM CENTEXR FUx DESIRED TEMPERATURE . . ___ _ _._ e
0u3l2% C DIFF CIFFUSIVITY, INJ**2/SECONDS
30026 C MRS TIFME IN HOULRS FROM BEGINNING QF SIMULATION
00927 C IPLOT =1 IF PLOT IS NOT DESIRED
00923 C . 1-99 FRIGUENGCY OF FLOT LINES
00029 C FRNT FREQUENSY TO PRINT TIME, TEWPERATURE RSSULTS
.08830 C - RAQIUS _ RAQIUS OF LOG TO.BE HEATZD... ... o e e e
5 00031 C TORIT DESIRZD TEMPZRATURE OF LOG AT JePTH SPeCIFIED
- ggo3z C TOUNE TIME CUTy IN SECUNDS
30023 C TEMP TEMPERATURE ARRAY
3033 C TIME . TIME IN SECONDS FRUM START QF LIMULATION
03035 C TMe0D TEMPERATURE OF MEZDIUM SURRQUNJIING THE LOG
00336 S .. JINITAL . INITHAL LOG TEMPERATURE . ... ... e
03173” C
80339 C LUTPUT INFORMATION
80339 C
00040 C TAFE2 . LECK TO 3E PUNCHED FOR AP PLOTTER
00041 C
- 303e2-C .JAPEZ LINE PRINTER OUIPUT o e e e oo
00043 C
00044 C FROGPAM IS A FLECS SOURCE DECX
00045 C MUST SE TRANSLATID 3TFORE EXECUTION
049%4d C
aou.’7 c l#lll“‘¥¥ll“4&¥“‘lii#*“&l‘ill"5""‘4'#444'&"#"
008483-C — ... . e e e e L S
33043 FROGRAM LOG(TAPEL,TAPI2,TAPZ3.,0UTPUT,TAPER=CLIPUT)
03159 COMMON/BLCCKL/TEAC(ARD) yulL T OTEMP(E])
80051 CIMMUN/ oL GCK2/N0DE
) 80352 CUMMON/ZGLUCKI/BIFT,JELTRyINCR
¢ goo0s3 COMMOM/SLOCKD/ TIL(E3),312¢00Y 4TI3(A0),T3I1 (02} TOI2(50),TCI23(CT)
Q0084 .- - REAL -OQIFF,DELT«DILTRaTHES$THUITALSTL20Ty Tl ]
B 03155 INTEGER VUDE,QADI'JSoINC‘,ouLFTHvD:\ iT
? 00355 LOGICAL OJuME
89e57 ¢
03953 o FoRL3 FinuLulURE

- gty o



03360
030€1
Ui 0B

--80063

0006y
03365
00066
00067
ggoes

TP UT=REAU-FUN=FARAME ;£33
INFUT =REAL=LOG=PARANMI [N

INPUT = EAD=TEMF e RATU I = A auIT 52

o)

<o SETaUYP=NALE=RPOINTS
TNITILIZZ-LCO-Te 4FZRATURSE
FAGE=HEAJINGS
CUTPUT=-FLSULTS
PUNUH=0ECK=FIR=-PLUTS
REFEAT UNTIL(DOND)

80069 — —  —o—tHEGKATENDERATURERSET mJUNE

00470 o WHEN(,NQT,00NI)
20371 ¢« o COMFUTL=NT
00072 . o COYFUTE=NEW=VALUE
00073 e« « COMFUTE=GENTER
00 07“ . L] INCFEMENT-?IHE
83075 e QUT R U ToRESUL TS . e e o e e - e e
00076 e o FUNCH=DeCK=FOR=OLUTS
goov? o -eesfFIN
00978 « ELSE
00079 e o OUTFUT-RESULTS
00089 e o PUNCUH=DECK=FJ)R=PLOTS
- 00083 e PRINT=SUMMARY e o e e e e e
60082 . eese FIN
34083 sesFIN
000684 REWIND 1
aggss REWINC 2
00086 REWIND 3 '
00387 SIgge e v e e e e
00088 TO CHECK=-TEMPERATURE=-SET=D0NL
J0289 ¢ OUNE=TIME.GELTIONELORJTEMPLUEPTH) 4GE. TCKIT
-00090-¢C e e e e o e+ e
03091 C « SET COUNTERS FOR QUPUT
00092 C . .
00093 « IF (DONE)
00094 e« o CONCITIONAL )
- 00086 _ it asaEIN _ [,
00097 o o CUNLITIONAL
03093 s o o (FPLOTWNEWLDQIPLOT=IPLOY
331399 . «  sesFIN
. 004100 .. . s  .sssFIN
00101 es oFIN
ooig2 TC CUMFPUTE=CT
30103 C .
. 230104 C e ASSUMZ QUTSIIOZ OF LOG RcACHES TMZID IMMZDIATELY
00108 C -
0014d6 e TEMF(INCR®I)=TIL(INCR*1)=TIZ2(INCR*1)=TIZI(INCR*L)=THED
80147 o DOINDDE=CINCR) .
00108 . e CALL TDOTU(TIMP,DTZMP)
ag103 « eeeFIN
09110 seefFIN
J3111 T WUMPUT =nEW=yaALNIT
Juii2 . LI (MU lE=24 INCD)
71143 . . Tooll INTRe
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i1y . soo FIN
00115 seefFli
gotie TO INPUI=FLAJ=PUN=PARLMTEI<,
0117 o <IADI1410Q)UELT,CILT
00114 1Ll o FIRMATH(2(FLli43,1X))
00119 seoFIN
00123 TO INPUT«kELJ=LOG=-PARAMZTIRS
60124 o REAU(1,110) RAJIUSWNcPTH,TIONELDIFF
00122 11C . FUNNA7(I-O'Tiq'I‘QQTZGOF“’QO'T:‘Q':i}nFJ)
00123 .. ee o FIN. .. . . L .o .. . . - e
00124 T3 INPUT-READ-TEMFERATURE=-PARAMETIRS
00125 o READ(1,120) TASD,L,TNITALTCRITyARCNT,HIFLOT
00126, 120. 4 FORMAT(2(FRa2s1X) o T2 4Xs12) o o f ot e e e
90127 o IF(IPLOTWNE.-1)
gog12s o s WRITE(2,100)0tLT,DELTR
00129 o e« WRITF(2,110)RAJIUS,DEPTH, TOONSZ,0IFF
00138 s o HRITE(24120)TMEUINITAL »TORITHPRNT,IPLOT
3013t e sssFIN
.. 00132 saasFIN R e e e e e e
30433 TO INITILIZE-LOG-TEMPERATURE
00134 o« TIME=0.0
00135 e _K=INCR#+1 e et e e e e e —r e e e e
00136 o DUINUDES®1,4K)
00137 P TEMP(NODE)=TIL(NUDE)=TI2(NODEI=TISINCOI)I=TNITAL
00138 ¢« eeoFIN
00139 C . o .
00140 C . TO PRINY THE PROFER NUMBER OF NOUES AND INITIAL TEMPERATURE
00146 Gl o —— e e e e e e
00142 » NOJE=NOGOE-1
00143 s LPRT=BRNT
0014k e« PLDT=IFLOT
00145 essFIN
00146 TO INCPEMENT-TIMT
00 147 o« TIME=TIMc#DeELT
00143 e HRS=TIME/3600.
00149 seoFIN
00150 70 PRINT=5UMMARY
00151 o WRITF(Z,230)0ZLT+0ELTR,RAJTUSINUIETUONESFRMT
00152 e WRITE(34240)0IFTH, TCRIT,TMTI,TNITAL
— 00153 2350 o_ FOAMAT(1H1/ 4 1459// 5Ky 2uH==== U PARAYFTERE ====y/4/y
00154 le 10X 10FTIME STEP JFLedyBh SEZ0e9/y
00155 2 10K 27HCISTANSE SETWaIN TH™ '10Jcs +Foe2ysH IHes /o
03156 T ILA19RPAITUS IF THe LUG +I49+! Itan/y
00157 “o 1iXelIHTAZZr &=E 4129 7H NUTZ e/,

gy159 e LUk g2 TTINV 1T taF a9t SLle T4/
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03151 te 1Y ESEZULT PRINT FeINUINDY 2412477)
00104 290 o FIFrMuT (1A 3LHTHLZ SIMULATION TLM[NATE) WHANE /4 /,
00161 1o IxylthThs TEMIP_CATURL 41247 LAIFT5 F2u4 LINTIR wWaS ATZ,
_"00&62 Zv v7“ W—QFWy-—Z—BR{;é&-wP-QJQ»»—~— P S e e -
00163 de IXW2THTIHL MTUTUM TIMPI<LTUSE WAS oF7,24,10d [T5°CSES Fo/y
03164 be 1Xy32HTHE INLTIAL LOG (cMPLRATURE WA3 F74244JdH OUGREZS F)
Jute5 s WRITE(Z4220)HRT W TEMFLL) s 0P THyTEAP(I_RPTR)ZIELTR, TEMPIRASIUS)
00166 220 o FORMAT(LIX2TIE IN HX3 2.F 743/ 41492 c1TERATUS: AT CENTZR %,
00167 1o F?42/7e1X42TIMICRATURL 241242 INCHES FEJM CIMTEXR 2,F742
---083O8 - Ey -9 LOREES F2/le - . L e e e 2 e m e e
03103 e 1Xy2TZMFCRATURE 2,FEe292 INCH AELIW THT LURFACE 2,F742,
00170 Le # JEGRcES F2//)
gg171 © .
00172 C o ULAST GCAuRD FOR PUNCHF) DeCK
00173 C .
- 00 17‘0 R o - IFL LF'LOI-.NF'-L)»—-M e A et o S e e et it L nh i et b e e e e
I 00175 e o WFITE(2,4201=-%39,9
| 06176 42t . e FOWIMAT(FB 1)
: 00 177 . ) FIN
| 00173 esoFIN
r
e Y P L Y Y VY VS VYT VYYYYFITYYYrYYVPTYYTYYYELY]
| 30173 TJ QUTPUT=-RESULTS
00180 o« WHEN(LPRT.EQ.2RNT)
90181 « e LPRT=0.
00182 ¢« o« CONDITICNAL
—$3183 - - LNQOE b Sl 23 MRT =4
00184 . e o S(OTHERWISE)ART=2
00165 = 2 - . '.OFIN -
00186 « o GONCITIONAL
60187 e o o -AWURTLEQ.LI
00188 e o o o HWRITE(3ILIQQIHRS»(TEMP(I) ¢ 1=1,NGCE)
~30183 - - EIN e
00199 . e e (NRT.EQ.2)
00191 e« o e o HWRITE(343J0)HRSTEMP(T),I=1,12)
00192 e e o o HWRITZ(3,310)(TEMP(I),I=13,NODE)
90193 e« o --9  -eeoFIN o
00194 e« o eeoFIN )
-~ 83435 348 EQRMAT(TZ 2 F 2.3 5T 0U0,024(F3.2,1X1). —
30196 310 o« o FURMAT(T20,12(F34241X))
00197 e sseoFIN
00198 « ELSE
-00199 e« o LPRTI=LPRT+L
00200 e eesoFIN
,-—08204 ~EIN e e e e e e e e e
062482 TG SET-UF~NQDE-PJINTS
03203 e PRAD=(.0
- 00204 4  NADESINCR=0 e e e e
00205 e« UNTIL(RAD.GE.WMUI JUS)
00206 ¢« « FKAU=RAD#D:zZLTR
03207 e« o INCR=INCR+4
go208 e eseefFIN
002139 sesFIN
33211 Tu CNMFUTZ=CENT IR
Jd21t o TEMREISITIAD(2)*6 /2,1 =(TEM2( 2)/ 3.)
1i212 Nt
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—-wameem-e

—-09213 .TQ PAGE~HEACINGS - -
8l214 e WRITc (3,500)
09215 e WRITE(3451G)0ZLTR
50218 Syl o FORMAT(LHL 7/ 1HT//430Ke2=====TIMZ AN] TEMPIRATUREm=e==2y///y1HT)
00217 Sil o FORMAT(TL,2TI4.2,T13,2CENTERZ.TL1,2NJDZS 24FE0202 INTCHIS APART 2
00213 1. o/ T3v2(HRS ) Z24T1uy 2(F)2,T53,2(F)2/)
e J0CLEY — . ewwFI N e U O SO . e e e
40220 TO PUNCH-OECK=-FQOR=-PLOTS
38221 e IF(IPLCT.NE.=~1)
- .00222- . ——e——e—WHEX(IPLOT.LQ.PLOT)
go02zs . . . FLOT=0
00224 e -o- o CONDITIONAL
00225 . . . . (NODZJLEL7) PC=1
80226 . . . . (NODZ.LEs15) PL=2
no227 e ¢ o o (OTHZRWISE)PC=3
00228 - EIN
03229 e« o o« GCONDITIONAL
go230 ¢« o o o (PC.EQeY) :
03232 e o s e o HRATZ(2,200)HRS,(TEMP(T),I=1,NICE)
go232 +- o o o eesFIN . -
00233 e ¢ o o (PCJEQeD)
--00234.—- WRITEL2 4 iwdJLHRS 4 ITEMP LT W I51,7) .
00225 . e o o o WRITE(2,410)(TEMP(I),I=8,NODE)
80236 e o o o sesFIN
00237 e o s o (PCeEQ. D
00238 e .66 o o HWIALTE(2,400)HRS, (TEMP(I)4I=1,7)
00233 . . . . . NQITE(Z,-AU)(TEMP(I).I=8v15)
~-0024h0 WRITC12,0i0) (TEMPLI) o I515 NOLCE) o e
0d26t ¢ o o » eeeFIN
00 2“2 * L] * ...FIN
08243 . N esoFIN
30244 . . ELSE
00245 . . . FLOT=PLO T+t
-- 002466 oo asafFIN
00247 s eeeFIN
0d268 W00 o FORMAT(F743¢<Xy7(F7e2,1X))
00243 410 «+ FORMATI(8(F7,2+1X))
80250 seefFIN .
END

00251

FROCEDURE CROSS~-EFERENLE TABLE

Y I e s Y P P RS E R L E L N L L g

30068 CHFCK=TEMFERATURZ «3ET=0UNE
— ——B5088 —
00210 COMPUTE=-CENTER
guovs
60162 COMPUTE=OT
e BWGTY
N0111 COMPUTE-Nch=VALUT
tuG72
Refer TMFETIENToTT4-
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00103 INITILIZE=-LUG-TE1FERAT UrS
udlub. - e e

0012C INPUT-READ-LOG=FARAMITERS
GaueL

00116 INFUT-REAO=RUN-FARAMETERS

—_———- 00068 . e e

00124 INFUT-REAL-TEMPERATURE=-PARAMETERS
G062

06179 OUTPUT=RESULTS

e 4 3066 03075...00023

00213 PAGE-HEADINGS . .
60065

00150 PPINT -SUMMARY
00gas

00228 PUNCH-QECK-FOR-PLOTS . __ . . ___

00067 00076 00080
00202 SET-UP-NOCE-POINTS
L0063

(FLECS veEE?é&‘éé’sx)‘"M“”"" -
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FLELS 78707719+ 22445418,

-

00252

SUBROUTINE TOOT(T,0T)

00253 - COMMON/ZELOCKZ /NU) 2

00254 COMMON/ZRLUCK3/L IS, DZL TR,y INCR

00255 REEL TUle0),0T(e0)

00256 INTEGZER J€0

82576 S e e e e e
00258 C FLECS FEOCEOQURE

00253 ¢

00260 CHECK=NUDE=SET-DIQ=EQUATION-CHOICE

go261 COMPYTE=PRGEER=DIRTIVATIVE

09262 FETURN

00263 TO CHECK=NCDE=SET-UEQ-EQUATION=CHCICE

00264 o GONDITICNAL

00265 e o (NOUEJ.EQ.2) OEQ=1

90268 -~ ce-ce——ANODE LT 2 ANDGNODELLES LINCR=LI)_DEQ=2— -
00267 e o (OTHERWISE) DEQ=3

33268 o wesFIN

00269 seofFIN

a0273 TO COMFUTE=PROPc=DERIVATIVE

00271 o CONDITICANAL

go272 C ¢« e

00273 C e« o FOR NODE 1

00274 C . e

00275 . - ~—LLEQ.EQLL) e e e e o
00276 e o o UTINONE)=(DIFF/(QELTR*22,))*((TINOLEI*(=L./34))
goarz 1. . . 0(T(NODE61)'~[,./3 o))

go278 o eeofFIN

88273 C o e

00280 C e o FOURR NUDE 2 TO NR=2

00281 C - - im0 —o— e e e e e e e s e
03282 « o (DEQ.ENG2)

goz2a3 . . . I=NOCF -4

00284 . ] ] n=FLOAT(])

00285 e o o AAz=((2,%*2)=1,)/7(2.%A)

00286 . . . PE=((2.%A)¢1,)/(2.%4)

00287 — e e OTUANQDEI=LLIFF/ADELTR®*2,1)* (LA TUINLCE~L)) . ..
00288 1e o o +(3B*T(NOODE+1)))

00289 e . L] ’(-ZO'T(NUDE) ))

00230 e o eeoFIN

00291 C ¢

00292 C e o FOR NODF N=%

00293.C @@ e e e

00294 e o (DEQ.ENLI)

00235 . . . A=FLOAT(NOCE)

30296 . o o BA=((24%A)=3.)/(2.%(0=1,))

00297 . o o EE=((24%4)=14)/(2.%(A=1,))

00293 e o o OT(NUDEY=(JIFF/(JELTR**2.))*(((AA*TINLTE-L1))
00299 1s & e #(23*T(NOJDE+L)) I (=2.*T(NUIED))

00300 . . eesFIN -

00301 e seoFIN

00102 seoFIN

00303 INe



FROCIVUPE CROSS=RIFERINLE TABLE

00203 CHELK=NUDE=-SET=-DTA-EQUATION=CHIINS

to0e6d

0027C CUMPUTE=-PROFER~DIRIVATIVE
GC261

{FLeCS VERSIGUN 22.51)
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FLILS 78 /07713, 22445419,
0u304 SULSFIUTINE NTGRL
03305 COMMON/ELUCKL/ZTE AP (B0) Ul TOTIMP (CO)
00306 COMMON/ZcLUCK2/My )=
00307 CUMMON/oLOCKa/ TILCEC) 3T I2(0uYsTI3(0uU)y STL(E3)TDI2(00),7313(€0)
003038 ¢
80303 C FLECS FRUCEZDURE
00210 ¢
30311 COMFUTE~HOT=SOT
q0312 COMPUTE-FIRST-LEVEL=iNTEGRAL
00243 CALL-TDOT-FQR=FIST-LEVEL
00314 CUMFUTE-SECONN=LIVEL=INTEGRAL
00315 .. LALL=TDOT=FCR=ScOONL=LEWEL . . o o - e e
80316 CUMPUTE-THIRD=LEVEL=-INTEGFAL
33317 CALL=-TDOT=FCR-THIRD-LEVEL
00314 COMFPUTE-NEW=VALUE
00319 RETURN

L L L L Lk X detdordvindiodordedodrte el ettt el Ll

o320 TO COMPUTE=-®JT=SDT
00321 . HOT=DELT/2,
00322 + SOT=DELT/6.

00323 seofFIN

cocecsvecwocccsvoecccsssecscco s cecRc eSS coae e

30324 TO COMPUTE-FIRST-LEVEL=INTEGRAL
00225 « TIL(NOCE)=TEMP(NUDL)+HOT*0TEMP (NODE)
00326 ceoFIN

00327 TO COMPUTE-SECONI=LEVEL-INTEGRAL
00328 '« TI2ANODE)=TEMP{NODE) +HDT*TDIL(NDIE)

00329 eeofFIN ' i

00330 TO COMPUTE=-THIRD=LEVEL=INTEGRAL
00331 o« TIZINQLE)=TEMP(NUODEL) +JELT*TOI2 (NQDET)

00332 seeFIN

LI E T TR LR R LR TR TR Y R R el

00333 TO COMPUTE=NEW-VALUE

10334 o« TEMPINODE)I=TEAP(NUIE)+SOT* (DTZMP(NUD)+2.*TDIL (NODZ) ¢2,*TDI2(NGCCE)
03335 1. +TUuI3(MGEE))

002336 o eeaFIN. e e i U

00337 T3 CALL-TOCT=FQ2=FIRST=LEVEL
00333 « CALL TLCT(TIL,TOIN)
00339 . easFIN e e e U

LA L LA P X TR ELE T LLE TR T PSR X ¥ e

034 TS CALL=TLLT=-FOR=3ZCOND~L Vel
73 3Lt o TaLlL TULITTIZLTNI2)



00342

seoFIN

003463
0034y
09345
80 2o

TU CALL=-TLOT=FIR-THIW=LIVEL
e CALL TLOTU(TIZ,IDLID
seeFIN

END

FFOGCEVUUFE GROSS=EZFERCNCE TABLE

00337 CALL-TDOT=FOP=FI25T-LEVEL
66313

90340 CALL-TDOT-FOR=SECON C-LEVEL V
00315

00343 CALL-TDGT~FOR-THIRD=LEVEL
6317

00324 COMPUTE-FIRST-LEVEL-INTEGRAL
. 00312

00320 COMPUTE=-HDT-SDT
00311

00333 COMPUTE=-NEW=-VALUS
Lbe31s

00327 CUMPUTE-SECOND-LEVeL~INTEGRAL
€G3y

00330 COMPFUTE=THIRI=LEVEL=-INTEGRAL
06316

(FLECS VERSION 22.511)
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ewee RUM PAPAMETIRSG ===-

TIME STEP 30C. SEC.

DISTANCE BETWEEN THE NOODES 1.03 IN.
RAUIUS OF THE LOG 6 INe

THERPE ARE 7 MNOJES.

TIME CUT 86L0d0. SzC.

RESULT PRINT FREQUENCY &

THE SIMULATION TERMINATED WHEN?®

THE TZMPERATURE 2 ALNGHES FROM CENTER WAS AT LEAST 140.00 DEGREES F
THE MEDIUM TEMPERATURE WAS 180,00 OEGREES F

THE INITIAL LOG TEMPERATURE WAS 40,60 DEGREES F

TIME IN HRS . 9.667 ... . . . .
TEMPERATUKE AT CENTER 138,70
TEMPERATURF 2 INCHES FROM CENTER 140,31 DEGREES F
TEMPERATYRF 1,006 INCH 3ELO4 THE SURFACE 170.99 DEGREES F
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RATIRE~====
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eeee RUY PAPAMETEFS ==-=

TIME STEP 30C. SEC.

UISTANCE BETWEEN THEZ NUDES 1.00 IN.
RAJ1JS OF THE LOG 9 IN.

THSRE ARE 10 NOODES.

TIME CUT 864L000. SEC.

RESULT PRINMT FREAUENCY 5

THE SIMULATION TERMINATED WHEN®

THE TEMPERATURE 2 INCHES FROM CENTER WAS AT LEAST 140,00 OEGREES F
THE MSNIUM TEMPERATURE WAS 180.0C DEGREES F

THE INITIAL LOG TEMFERATURE WAS 4ue.D0 DEGREES F

TIME IN HRS 22.000 o

TEMPERATURE AT CENTER 139,46

TEMOERATURE 2 INCHES FROM CINTSR 140,19 DFGREES F

TEMPERATURE 1,00 INCH BELOW THE SURFACE 174.19 JUFGKEES F
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