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2' Introduction -/-

Quadrant Sawing (QUAD) cant was arbitrarily given a thickness
of 2 inches less than halt the log

Four computer programs were The center cant in QUAD was ar- diameter [(D12) - 21, it can, of course,
developed at the University of Ken- bitrarily picked to be a square cant be assigned any reasonable
tucky as simulation models for in- that will yield four boards. Progress- thickness.
vestigating factors affecting sawn log ing outward from this central square
value over four hardwood sawing cant, the boards increase in width in Decision Sawing (DECID)
methods: quadrant sawing, cant saw- each quadrant in a stepwise fashion
ing, decision sawing, and live sawing until the bark (i.e., log surface) is DECID simulates the decisions of a
with rerip for grade. reached and then decrease ap- human sawyer in grade sawing.

Information in this paper details propriately to fit in the slab (fig. 1). In Faces 1, 2, 3, and 4 of the log are
the sawing methods, model assump- the program each quadrant is cut sawn in sequence until the log is
tions, program organization, variables completely before progressing to square and wane-free at midlength.
used, common storage areas, and another, but the board widths and the Each exposed face of the log is then
program listings, way they fit together at the corners graded by the Forest Products

are the same as would result if the Laboratory (FPL) computerized
log were turned about its axis after grading program, the highest gradeSawing Methods each board were cut, 1800 turns alter- face is selected for sawing (surface
nating with 900 turns until the central area is used to decide ties), and the

Cant and quadrant sawing are 4- square cant remains and is sawn into selected face is sawed until a grade
sided sawing methods. Decision saw- four boards. drop occurs. The program again
ing is a possibly unbalanced 4-sided grades every affected face and
sawing method which responds to Cant Sawing (CANT) selects the highest grade face for
uncovered hidden defects by attemp- sawing (surface area decides ties)
ting to pick the log face which will By cutting slabs and boards from and continues sawing until a grade
yield the best lumber when the log faces 1 and 3 in CANT, a central cant drop occurs. Log turning and sawing
face currently being cut drops in is produced that has a selected
grade. Live sawing with rerip for thickness. This central cant is then ,Maintained at Madison. Wis., in cooperation
grade is a 2-sided sawing method turned 90* and sawn into boards kerf- with the University of Wisconsin.
which attempts to increase board centered from the log axis out (fIg. 2). , Former graduate student. Dept. of Computer

Science, and Professor of Forestry, Dept. of
value by ripping out core defects. While in current studies the central Forestry, University of Kentucky, Lexington, Ky.
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continues in like manner until a cen-
tral square cant remains that will

F - yield exactly four equal boards when
parallel sawed. As noted earlier,

i AN unsymmetrical with respect to thehIIlIlog axis (fig. 3).
I I , II I)Live Sawing with RerippingU I : HIfor Grade (LIVE)

U U A saw kerf bisects the log along

-- '______ _-_ the central axis in LIVE and the plane
of each subsequent saw cut (and

I - |- hence each board face) is parallel to_j L- this central cut (fig. 4).
In the live rip method the log is

sawed as in LIVE but the outer face
Figure 1. -End view of a quadrant Figure 2.-End view of a cant sawn of each board is then evaluated for

sawn (QUAD) log (CANT) log. defect type. If the central cylindrical
M 148 124, (M 148 3261 core defect shows up on the outer

face of the board, this defect is
automatically ripped out and the
boards produced are regraded and
revalued (fig. 5). If the sum of the

r values of the boards so produced is
higher than the value of the original
wide board, the new rerip sum is
substituted for the original wide
board value. If the rerip value is less
than the original wide board value.
then the original value is retained and
it is assumed that the board would
not have been reripped. The rerip
subroutine is applied in sequence to
each board that has the central core

-- defect appearing on the outer board
_ L face.

W -L~Model Assumptions

Figure 3. -End view of a decision Figure 4.-End view of a live sawn Log: A truncated cone with arbitrary
sawn (DECID) log. (LIVE) log, length, small-end diameter, andM 4 l2og M (L /27, taper. The length is measured in in-ches. the diameter in inches. and

the taper in degrees.
Knot: A solid conic section of a

- sphere (i.e.. a cone capped with the
EFT SECTION spherical surface) with arbitrary
LFTLOC length. height in the log. and in-

terior angle, emanating perpen-
RGTLOC dicularly from the log axis. Length

I RIGHT SECTION is measured in inches from the log
axis, height in inches from the log
base, and angle in degrees clock-
wise with zero degrees being the %"

Figure 5 -Outer surface of a board that has been reripped for grade showing line from the log axis perpendicular
the coordinate system of the resulting three board sections as welt as the to the initial saw lace (figs. 6a-f).
truncation of any knots at the edge of a section. Core Defect: A solid cylinder exten-

Y .' ding the full log length, which may
or may not be centered on the log
axis. Core diameter and linear
offset from the log axis are
measured in inches: angular offset
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in degrees from the zero degree
line defined above for knots (figs. COFSET
7,8).

Edging Method: All boards are edged DIST
so that they are wane-free for at
least one-half their length by
assigning the width at mldlength
as the maximum board width
(figs. 9, 10).

Defect Representation: All defects -XL CONST
are measured in 1/4-inch increments
and placed on a board face as rec-
tangles with dimensions of the CANG$
maximum length and width of the
actual defect (fig. 9).

Board: Rectangular with
some width _> 3 inches at mid-
length; some width - 2.5 inches at BOARD FACE
the top; some length 2t 4 feet; and
arbitrary thickness. In addition, the
width of wane at any point along
the board is limited to less than
4 inches. The board is cut back in
length by 1-foot decrements until
wane and width requirements are
met. Length, width, and thickness
are measured in inches. The length Figure 7.-A log section showing the core defect displaced from the central
and width are converted to '/4-inch axis of the log.
increments for board face grading JM 1 20)

(figs. 9, 10).
Wane: The first wane defect on a

board edge begins at or near board
midlength and extends to the
minimum of either the board length
or that point where the board
halfwidth has decreased by /4 LFTLOC
inch. The next wane defect begins
at the point the last one ended and IDOLE SECTION
extends to the next point of -/4-
inch decrease; wane defects con- !
tinue to be inserted in like manner IGHT SECTION
until the end of the board is
reached (figs. 9, 10). CORE

Sawing: The log is sawed parallel to
the log axis. Headsaw kerf and DEFECT BOARD
rerip saw kerf (live sawing with
rerip only) are independently ar-
bitrary and are measured in inches.
The log is completely sawn for
each of twelve 15" rotational in-
crements of initial placement on
the log carriage. The total log value Figure 8.-Cross section of a log showing how the core defect is ripped out
and surface measure yield, as well of a board if it appears on the outer face of a board. Although the ripping
as the surface measure in each of kerr is not shown, it is always taken out of the detective middle section.
the permissible grades, is cal- M 48 321)

culated for each rotational incre-
ment. High, low, and average
values and yields are calculated for
the 12 rotational positions.

Grading: Each board face with
defects is graded by the FPL -A
grading program. The final board
grade is assigned based on the
combination of grades of both
faces. Possible grades are First

4
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TI
and Seconds (FAS), either FAS One
Face or Selects, One Common (IC),
Two Common (2C), and combined
3A13B. The value of lumber in each
grade is user supplied and is
measured in dollars per square foot
surface measure. The current ver-
sion of the grading program allows
22 defects per board face. Faces
with defects exceeding this are ar-
bitrarily assigned a grade of 3A/3B

[ "and a message printed.

Program Organization
Input, initialization, program con-

Figure 9. -The manner in which the computer would take the unedged board trol, and printing of results are per-
with knots (top view) and model it as an edged board with rectangular wane, formed in the main program. Cutting
knot. and core defects (bottom view), a board from the log and the

N 14 L2, mathematical description of the
resulting board is performed by

REMOVED BY EDGING subroutine KERF. Wane defects are
located by subroutine WANE (fig. 10).

B-SQR , 1/4 INCH Vt Knot defects are located by sub--_--- -- "- routine KNOT (figs. 6a-f). Core
BO FW R 1/2 INCH V defects are located by subroutine

I -W1OAROW-Vt CORE (fig. 7). Board value is deter-
mined by subroutine PRICE (table 1).
Best log face determination in deci-
sion sawing is performed by sub-

RBSQRI routine DECIDE. Rerip for grade in
live sawing is performed by sub-\-REMOVED pdroutine RERIP. which prepares and

EDGING updates rerip parameters (fig. 8), and
LN RIP, which prepares the grading

- DDLEN/2 _linkages for each rerip piece (fig. 5).
OLD H, Linkage to the grading subroutine is

performed by subroutine GRADE.
H1  Subroutine GRADE is the FPL

OLD H2  grading program converted for use on
an IBM 3701165. For a description.

Ha refer to USDA Forest Service
OLD H3 Research Paper FPL 157, "Grading

Hardwood Lumber by Computer,"
Figure 10.-The outer face of a waney board showing how subroutine WANE and "Computer Program for Grading

edges the board and puts in the wane defects. Hardwood Lumber." by Lynn Galiger
and Hiram Hallock, both available
from the Forest Products Laboratory.
Madison, Wis.

Table I.-Board grade assigned by PRICE based on thegrade of each board face returned
from subroutine GRADE

Grade of
second Grade of one baard face

board face FAS Select Ic 2C Below 2C

FAS FAS FASIF' 2C Below 2C
Select Ic 1C 2C Below 2Cic FASIF ic Ic 2C Below 2C

2C 2C 2C 2C 2C Below 2C
Below 2C Below 2C Below 2C Below 2C Below 2C Below 2C

'The NHLA Hardwood Standard Grades allow the option of grading using either the grade of
"Selects" or 'FASIF." The FPL grading program wds designed to use the "Selects" grade This
sawing simulation program uses the "FASIF" grade which is determined as shown above
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Program Variables

The variables appear in all programs unless otherwise noted.

PROGRAM LEGEND: C (CANT), 0 (QUAD), L (LIVE), D (DECID).
A: argument to functions DEG and RAD (degrees or radians)
ANGBD1: distance from log axis to board face along the knot edge nearest the board face (in.) (figs.

6c-e)
ANGBD2: distance from log axis to board face along the knot edge farthest from the board face (in.)

(fig. 6c)
ANGLE: array containing knot horizontal angles within the log (degrees) (user supplied)
AVG$ average log value obtained over the 12 rotational positions on the carriage ($)
AVRIP (): average percent of available log surface measure realized under rerip over the 12 rotational

positions on the carriage
AVRIP$ (L): average log value obtained under rerip over the 12 rotational positions on the carriage ($)
AVTOTS (D): average percent of available log surface measure realized over the 12 rotational positions
BDLEN: current board length (in.) (fig. 10)
BDWID$: current board angular halfwidth at board midlength measured from a line from the log axis

perpendicular to the board face (degrees) (fig. 6a)
BF: board surface measure of the current board
BOARDW: current board halfwidth measured at board midlength (in.) (figs. 6a, 6c, 6d, 10)
CANG$: core defect angular offset measured from a line perpendicular to the board face (degrees)

(user supplied) (fig. 7)
CANT (C): cant size (in.)
CMPLET (D): array which indicates which log faces are completely cut
COFSET: core defect linear offset from log axis (in.) (user supplied) (fig. 7)
CONST: core defect halfwidth on current board face (in.) (fig. 7)
CONI: calculation constant
CON2: calculation constant
CORDIA: core defect diameter (in.) (user supplied)
CORFLG (L): a flag which indicates whether or not a core defect was found on the current board outer

face
COUENS (D): array which records the sequence of log face cutting
CRADUS: core defect radius (in.)
D: log small-end diameter (in.) (user supplied)
DAT: contains the current date returned by the DATE function (character string)
DEG: result of conversion to degrees of an argument supplied in radians (degrees)
DISTBD: distance from log axis to current board face (in.) (figs. 6a, 6c, 6d, 7)
DSTLFT (D): distance from log axis to the log face counterclockwise from the current face (in.)
DSTRGT (D): distance from log axis to the log face clockwise from the current face (in.)
DUMYRP (L): array which contains the surface measures of the reripped board sections (fbm)
DY: current knot defect halflength along the length of the current board
EXCESS (D): discarded slab portion on each face which is outside the first saw cut (in.)
F: face of the log which is currently being cut
FAS: value per board foot of FIRST and SECONDS ($) (user supplied)
FLFT (D): log face counterclockwise from the current log face
FLX: array which contains all defect lower X-coordinates on the current board face ( 4-in, units)
FLY: array which contains all defect lower Y-coordinates on the current board face (1/4-in. units)
FRT (D): log face clockwise from the current log face
FULWID: calculated halfwidth of the current knot defect on the board face if a full intersection were

to occur
FUX: array which contains all defect upper X-coordlnates on the current board face (1/4-in. units)

6 .
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FUY: array which contains all defect upper Y-coordinates on the current board face (1/4-in. units
GOBEST (D): grade of the current best log face
GDORDR (D): array which records the board grades in the sequence they are cut from the log
GRDCOM (D): array which contains the current log face grades
GRDLFT (L): grade of left rerip section of the outer face of the current board
GRDMID (L): grade of center rerip section of the outer face of the current board
GRDRGT (L): grade of right rerip section of the outer face of the current board
H: height of the end of the current wane defect on the current board face (1/4-in. units) (fig. 10)
HEIGHT: array which holds the height of the knots measured from log base (in.) (user supplied)
HIGHS: highest log value obtained over the 12 rotational positions on the carriage ($)
HIRIP (L): percent of available log surface measure realized by reripping at the position on carriage

which resulted in the highest log value while reripping (%)
HIRIP$ (L): highest log value obtained from reripping over the 12 rotational positions on the carriage ($'

HITOT (D): percent of available log surface measure realized at the position on the carriage which
resulted in the highest log value (%)

h: loop counter which indicates face of the current board under consideration
I D: array which records types of defects on the current board face
11 (D): loop counter used while regrading affected log faces

IMGRD (L): grade of center rerip section of the outer face of the current board
INDEX (L): index of the core defect in the defect array
INX: counter for the 12 rotational increments of the log position on the carriage
IOLDLT (L): grade of left rerip section of the outer face of the current board
IOLDRT L): grade of right rerip section of the outer face of the current board
IREGRD JD): flag which indicates whether a log face is being regraded
IROTAT: current log position on the carriage for the 12 rotational increments (degrees)
ISQUAR (D): flag which indicates whether the log has been squared at midlength
ITYPE (L): array which saves defect types in the current board during rerip
IX: array used for passing defect type to FPL grading program
J: general do-loop counter
JCMPLT (M): counts log faces which are completely cut
JJ (D): do-loop counter
K: kerr size (in.) (user supplied)
KHIGH: height in the log of the current knot (in.)
KLEN: length of the current knot (in.) (figs. 6d, 6e)
KNOTS: knot half-angle (degrees) (user supplied) (figs. 6c, 6d)
KTANG$: angle of the current knot with respect to a line perpendicular to the current board face

(degrees) (figs. 6c. 6d)
KTLEN: array which contains the knot lengths (in.) (user supplied)
L: log length (in.) (user supplied)

LFTLOC (W): current board left rerip location (1/4-in.) (figs. 5. 8)
LGRADE L): grade of the current board face left rerip section
LOGS: half-angle of log taper (degrees) (user supplied)
LORIP (L): percent of available log surface measure realized by reripping at the rotational position on

the carriage which yielded the least log value while reripping

LRADUS: log radius at the height of the current knot (in.)

LVOL: total available log surface measure (it')

LX (L): array which saves defect lower X-coordinates in the current board during rerip

LY (L): array which saves defect lower Y-coordinates in the current board during rerip

M: current number of defects found in the current board
MAX: number of knots in the log (user supplied)
N (L): current number of defects found in the current rerip section

' " " .. .... . .. , ............. : .':i .. G t



Program Variables (Cont.)
NBD: board counter
NBRDS (D): number of boards which could ideally be cut from each log face
NODEFC: array which contains the current number of defects found in the current board face
NPG: grade of the current board face
OLD: grade of the outer face of the current board
OLDH: beginning height of the current wane defect (1/4-in. units) (fig. 10)
OLDVAL (L): value of the current board before rerip ($)
ONEC: dollar value per board foot of 1 Common lumber ($) (user supplied)
PERC: total surface measure in each grade realized at the current rotational position on the

carriage (ft')
PERCRP (L): total surface measure in each grade realized by reripping at the current rotational position

on the carriage (ft')
POSLEN: board length of those boards which may be shorter than log length due to log taper (in.)
R: that position of the log face remaining to be cut (in.)
RB: log radius at the base (in.) (fig. 10)
RCUT (D): array which contains the portion of each log face which has been cut (in.)
RGRADE (L): grade of the current right rerip section
RGTLOC (L): current board right rerip location (1/4-in, units) (figs. 5. 8)
RI: log top end radius (in.)
RM: log radius at the height of the middle of the current board (in.)
RPKERF (L): rerip kerf size (in.) (user supplied)
RPLOSS (L): current surface measure loss due to rerip (ft2)
RPTOTS (L): total surface measure realized by reripping at the current rotational position on the carriage

(ft2)
RT: log radius at the top of the current board (in.)
RTBCUT (D): the portion of each log face which may be cut (in.)
SEL: dollar value per board foot of Selects lumber ($) (user supplied)
SM: rounded surface measure (ft')
SMALLS: smallest log value obtained during the 12 rotational positions on the carriage ($)
SMBEST (D): surface measure of the current best log face (ft2)
SMF (D): array which contains the current surface measure of each log face
SMLFT (L): surface measure of the current left rerip section (ft)

SMMID (L): surface measure of the current center rerip section (ft')
SMRGT (L): surface measure of the current right rerip section (ft')
SMRIP$ (L): smallest log value obtained by reripping at any one of the 12 rotational positions on the

carriage ($)
SMTOT (D): total surface measure realized in the current rotational position (ft')
SOR: calculation constant (fig. 10)
T: board thickness (in.) (user supplied)
TBDCTR: distance on the current board face from board midwidth to the center point of the

intersection of the board face and the core defect (in.) (fig. 7)
TCANG$ (A): core angular offset adiusted to reflect the face of the log currently being cut (degreesl
TDIST: perpendicular distance from the center of the core defect to the current board face (in.)

(fig. 7)
THRB: dollar value per board foot for combined 3A/3B lumber ($) (user supplied)
TLOSS (L): rerip surface measure loss in the current board due to a rerip section falling below 3 inches

in width (ft')
TOTS: used for surface measure and percent surface measure conversions
TVAL: total log value obtained at the current rotational position on the carriage ($)
TVALRP (L): total log value obtained by reripping at the current rotational position on the carriage ($)

7.I



TWOC: dollar value per board foot for 2 Common lumber ($) (user supplied)

UX (L): array which saves defect upper X-coordinates of the current board face during rerip

UY (L) array which saves defect upper Y-coordinates of the current board face during rerip

V: current board value ($)
WAN: total wane on the current board face from board mid-length to board end, subroutine WANE

only (1/4-in. units) (fig. 10)
WIDLFT (L): width of the current left rerip section (in.)

WIDMID (L): width of the current center rerip section (in.)
WIDRGT (L): width of the current right rerip section (in.)

WIDTH (L): saves current board width during rerip (1/4.in. units)

WMB (0): current board halfwidth at board midlength when the log has been squared (in.)
WT: current board halfwidth at the top of the board (in.)

XL: current defect lower X-coordinate on the current board face (1/4.in. units) (fig. 6d, 6e, 7)

XR: current defect upper X-coordinate on the current board face (14-in. units) (fig. 6d, 6e, 7)

YB: current defect lower Y-coordinate on the current board face ('/4-in. units)

YT: current defect upper Y-coordinate on the current board face (1/4-in. units)

Common Storage Areas

BOARD: contains information pertaining to the log and boards cut from the log

DECID (Deci- contains information necessary in the determination of the log face which should yield the
sion sawing best board
only):
DEFEC: contains information of all defects on the current board face
FORRIP (Live contains information used in rerip for grade
sawing only):
PRICE: contains pricing information for lumber in each grade

.5
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