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ABSTRACT
The importance of considering in-

dividual machine contribution to total
mill efficiency is discussed. A method
for accurately calculating machine
contribution is introduced, and an ex-
ample is given using this method. A
FORTRAN computer program to make
the necessary complex calculations
automatically is also presented with
user instructions.
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Introduction machine. If the machine is repaired or The choice among alternatives ob-
replaced, there are immediate direct tained from detailed analysis,

Quality control studies undertaken costs that should be outweighed and however, may change depending on
at a sawmill to determine machine ef- paid for by increased recovery, whether or not machine contribution
ficiency are most often concerned The importance of consideration of is used in the calculations. If the
with the relative amount of variation machine contribution to total mill effi- machine is responsible for 90 percent
developed at each machine. This ciency can be illustrated by an exam- of mill production, the increased
relative variation is then a gage used pIe from Stern3 et al. Stern used com- recovery for the mill can be estimated
to determine whether or not the Duter solutions to determine the at 5.4 percent (0.90 x 6 pct), still a
machine is performing at top percentage increase in recovery at- respectable increase. If the machine
efficiency. tairable when sawing accuracy (de- is responsible for 10 percent of pro-

A factor that can often be over- find as sawing variation produced by duction, the increase becomes an
looked in this process is the coritribu- the machine plus oversizing) is im- estimated 0.6 percent (0.10 x 6 pct).
tion each machine makes to overall proved. The particular example cited At this rate the choice made on an in-
mill production, This factor may at gives the predicted increase for im- tuitive basis seems to become less
times be as important as the deter- proved sawing accuracy for a clearcut. Can any investment in
mination of machine efficiency itself. 1,000-board-toot sample composed of machine improvement be justified in

For example. when a machine is one log from each 1-inch-diameter this case? The detailed analysis sug-
not operating at expected efficiency, class of from 5 to 20 inches. gested above for justifying a choice
mill management has three alter. Assuming that sawing accuracy on of one of the three alternatives open
natives, a machine with a 0.125-inch kerf can to management becomes a more ob-

(1) The problem can be ignored. be improved from 0.2 to 0.1 inch, the vious need in this case.
(2) The machine can be fixed to per- study shows an increase in yield of Most mill managers can probably

form as expected. 6.0 percent or 60 board feet for the provide a seat-of-the-pants estimate
13) The machine can be replaced. sample in question. of the contribution to total mill
The alternative selection is one Assuming this increased accuracy recovery made by each machine in

that should involve cost/benefit can be attained, there is still the their operation. This estimate may or
analysis. The estimated increase in question whether an investment made
recovery should be weighed against to obtain this increase would be a
the cost of action or inaction with favorable one. Most sawmillers would
respect to the machine. If the prob- probably agree that a 6 percent in- Mantalied at Madison Wis . n cooperatonwsih ihn Uriveshl iif Wisc;(osin

lem is ignored and no action taken, crease in recovery could easily pay • Member of Stale and Private Forestry staff
no direct expense is incurred to repair for a moderate investment for Ii:atefl at the Firest Piroducts Laboratoiy

or replace the machine. On the otter machine repair or replacement. A , Siern. A. H Haliock, and D W Lewis 1979
hand, there is an indirect cost in- detailed analysis of costs and returns Improving sawing accuracy does help USDA For

s erv Res Pap FPL 320 For Prod Lab.
volved n recovery lost at the should always replace intuition. Madison. Wis 13 p



may not be an adequate one. Factors
involved in individual machine con- 2 SAW s HORIZONTAL 2 OR 3
tribution to total mill recovery can be SCRAGG 8AND 54W EDGER
easily overlooked.

This paper discusses a method- 1111111lo-
ology that can be used to accurately GANG
calculate individual machine contribu- EDGER
tion to recovery in a sawmill. A FOR- 50-2
TRAN computer program to automati-
cally calculate this contribution is
also presented and its use explained.

Figure 1. -Flow Chart of Hypothetical Sawmill

Methodology (M 149038)

Gathering the Data
Development of percentage factors Suppose a hypothetical mill is com- The cant produced on the Scragg

representing machine contribution to posed of the maci-Anery shown in moves to Gang Edger. Here the
total mill recovery requires that a mill figure 1.1 The machhe codes that ap- observer marks one surface of each
study be carried out. This study pear under the machine names in the of the pieces of lumber sawn from the
documents the flow of material flow chart in this figure will be ex- cant with a blue line midway from the
through the sawmill by collecting plained in the section covering the ends of each of four pieces as figure
data on the surface area and volume computer program, 3 indicates.
of lumber produced by each machine. Color codes are assigned to each The two slabs produced by the

To insure that the percentage fac- machine responsible for a final Gang Edger, as well as those pro-
tors developed from the mill study are dimensioning cut. In figure 1 thr duced previously by the Scragg Head-
representative of typical mill opera- following codes apply: saw, move to the Horizontal Band.
tion, the variables of log input and These slabs are not marked as yet.
product output should be controlled. Scragg Headsaw - Orange since a final dimensioning cut has
That is, the log sample used for the Gang Edger - Blue not been made on them at either the
mill study should be representative of Horizontal Band-Green Gang Edger or Scragg Headsaw. As
the log mix the mill ordinarily pro- Edger - Red the slabs pass through the Horizontal
cesses; the product output should be
representative as well. These data When the study logs enter the
should be collected on a large system, the observers stationed at
enough log sample to insure the various machines begin marking
reliability, the surface of each piece on which a ORA'NA/ OR4N

The real test of the adequacy of the final dimensioning cut has been
log sample size must rest with the made.
judgment of the individual responsi- In this theoretical mill, the Scragg
ble for the study. This individual Headsaw produces a cant as shown
should be satisfied that the number in figure 2. Since the Scragg pro-
and mix of logs selected will give a duces a final dimensioning cut on the
good representation of typical mill cant, the observer marks one of these
operation as far as the percentage of surfaces with an orange line midway Figure 3.-Breakdovr, at the Gang
each product processed at each from the ends of the cant as shown in Edger
machine is concerned. As a rough figure 2. iM 149 041)

guideline, if the logs are selected on
a mill run basis, the authors suggest
that no less than 50 logs be used.
This has proven to be adequate in ac- ORANGE
tual sawmill studies.4 In a large mill
with several log breakdown machines,
the sample should be larger. Sawmill Improvement Program 1979 Instruc

Surface area/volume data are col- tions for conducting a sawmill study, part II
lected by stationing observers with hardwoodlrandom width option Unpublished in

structions USDA For. Serv.. National Sawmill
different colorej;J spray paints, Improvement Program, State and Private
crayons, or chalk at each machine Forestry at Forest Products Laboratory,center. When a sawn face that deter- Madison. Wis. p. 16.

The analysis is concerned only withmines a final dimensioning cut is machines that are responsible for varratior in
made by that machine center, the thickness and width. A machine is responsible

tor variation in either thickness or width when itobserver marks a colored line across Figure 2-Breakdown at the Scragg Is responsible for a final dimensioning cut For
the face approximately in the center th s 

re ason. only those machines responsible totHeadsaw a final dimensioning cut in thickness or widthof the piece. The following example il- are shown in the flow chart above, trim saws
lustrates how this procedure works. (M 149 042) have not been included
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Band, the observer there marks one STUDY IDENTIFIER SUIPLL_
of the surfaces with a green line mid- 4achine Code - Number (1) Machine Name (2) Color Code (3)
way from the ends of the flitch as in (1) 1-1 .. L.. 66-t-3 ."__-V
figure 4. (2) sz J ,A, WIZ. r..LLL ____E_

(3) LORAN r "LUL[ (ZIEFLN A
INCHES INCHES~ AICES INCHES.. INCHES INCHES.. .FEETSL AD N WV TH WWO H WO Ti WD TH WD LENGTH

q m
-. 4'/ -i__-._

Figure 4.-Breakdown at the Horizon- A I - - - '_

tal Band 7
(M 149 039) " - - _ _ I¢

The four flitches that have now
been produced by the Horizontal -. A ._
Band move to the Edger where they .
are cut to width. Figure 5 shows that --
the observer at the Edger marks one - - -

edge with a red line midway from the z
ends of each of the four pieces.---

In some cases such as railroad t - -' -.

crossties sawed at the Headsaw, all /
dimensions are determined by the -.--- -Headsaw so the two adjacent faces 7--. J ___ -.. .
would be marked with the same color. ; ____

Figure a _ __ __

G REE N GR EEN . .

Figure 5.-Breakdown at the Edger /_!y . --

(M 149 0401

As the lumber marked at the RECORDER
various machine centers moves down
the green chain, a final observer Page of- -
records the data necessary to com-
pute machine contribution on the Figure 6.-Machine Contribution Study Data Form
Machine Contribution Study Data
Form (fig. 6). The data from this sam-
ple !og have been recorded on this Each machine column on the data
form as the observer would record it. form has thickness and width col-
The eight pieces produced are A machine code and number separ- umns. If both faces of a product are
entered on the first eight lines of the ated by a dash are to be entered on produced on the same machine, an
form. The remainder of the form has line 1 of the data form. Thi informa- entry should be made in each of
been filled out with data from other tion is necessary when a computer is thee columns. If a product is pro-
study logs to complete the example. used lo process the data. Machine duced on two machines, the ap-

The first step in filling in the data codes and ,umbers for this entry will propriate entry is made under the
form is to record an identifying name be explained in the section covering machine name responsible.
of up to six characters in the Iden- use of the computer program. Enter Data for products produced to
tifier space. If more than one study is the machine name on line 2. The col- specified widths are entered as the
contemplated, this will help identify of to be entered on line 3 is taken nominal dimension. For example, a 2
the data and subsequent computa- from those assigned to each machine x 4 would have a 2 entered in one col-
tions. at the beginning of the study. umn and a 4 in another.
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Except for the last two boards, all 2x4 2x/2 Using the actual variation figures
lumber on the data form are of speci- o I " IJ -o -,,. from the example, it can be
fied sizes. These last two boards are [, T '. .,-oz calculated that the importance of the
4/4 random width grade lumber. When 1 variation on the 2 x 12 is much larger.
random width lumber is produced, the i The importance is equal to the ratios
thickness designation is entered by of the two rectangular solids defined
the quarter system-4/4, 5/4, 8/4, etc. I by the actual widths of the lumber,
The width of grade lumber is 35 the amount of variation in the 2- inch
measured to the nearest 0.1 inch and Idimension and the lumber lengths.enteredsiin incheseonutherdatagform
entered in inches on the data form. I Since lengths are the same in this

The different methods for I case, the relative importance can be
designating specified and random. calculated without its inclusion as
width lumber are necessary for com- follows:
puter processing of the data. Since 2 x 4
random width lumber possesses
assignable variation in only one
dimension, it is processed differently
than are specified widths where varia- I 2 x 12
tion can be attributed to two dimen- 11.25x0.125 1.40625
sions.

The relative importance of the
The Need for Weighting variation on the 2 x 12 as compared
Fa ctars to that on the 2 x 4 then becomes

1.40625 - 0.26250 = 5.35714. Con-
Before discussing analysis of the sideration of surface area rather than

data, it is necessary to discuss just variation alone leads to an increased
what is being measured. The gather- estimate of the relative importance of
Ing of surface area/volume data is the variation on the 2 x 12 of our ex-
used to measure the importance of ample from 1.66667 (variation alone)
variation from each machine in the to 5.35714 (surface area considered)
sawmill. Consider two sample boards This illustrates the need to include
processed on two different machines surface area in the calculations.
with scant sawing variations6 of 0.075 The same calculations can be
and 0.125 respectively. The first pro- made to ascertain the importance of
duces a 10- foot 2 x 4 and the second variation and surface area on the
a 10- foot 2 x 12. To simplify the ex- Figure 7.-End View of Two Pieces of 4-and 12- inch dimensions of the ex
planatton, assume that the pieces Lumber Illustrating the Importance ample lumber.
can be brought to proper final size if of Variation as Measured by Surface A weighting factor, in addition to
planed to remove only the scant saw- Area surface area, is needed to calculate
ing variation and that any additional machine contribution. This is a
planing allowance or shrinkage are iM 14.i4.ii volume factor and is calculated from
not factors, the same data used to obtain surface

Consider first the importance of the 2 x 4. 2- inch dimension occurs area from the study data form.
variation in the 2- inch thickness on over the surface area of the nominal This factor is needed because the
these boards. The end view of two 4- inch face. surface area calculation gives only a
pieces of lumber in figure 7 shows a It can be seen then, that the impor- relative measure of the importance of
way of measuring this importance. tance of variation in a given dimen, variation on a dimension processed

The ALS standard for nominal sion is defined by the surface area of at a single machine. To derive the im-
2-inch dry dressed dimension lumber the adjacent face. Furthermore. the portance to total mill production, the
is 1.50 inches. In order for this lumber variation in a given dimension is volume of the product on which the
to plane skip-free, added thickness caused by machine;v that saws the variation occurs must be considered.
equal to 0.075 and 0.125 inch respec- face adlacent to that dimension. For example, it may be determined
tively is needed. This extra thickness The widths of the two pieces in this from the surface area calculations
is shown as a rectangle in dashed example are 3.5 and 11.25 respective- that Machine A is responsible for 90
lines on the right side of each piece. ly. If the variations of the two were percent of the variation and Machine
(This rectangle has been exaggerated identical, the relative importance of 8 for 10 percent of the variation in
in size as compared to the size of the the variation on the two pieces would the 2-inch dimension of the 2 x 12's
lumber. Its purpose is to show the be a ratio of 11.25 to 3.5. (This produced at a mill.
relative magnitude of the differing assumes that board lengths are equal
variations and is not intended to as in this example.) Consideration of
show how true variation appears on a the relative importance of the varia. Scant sawing variation Is the variation on the
piece.i tions in the 2- inch dimension alone, negative side of the board measurement data

distribution This value Is the distance from the
It can be seen in figure 7 that the without consideration of the surface average board thickness to an appropriate pro

variation in the 2- inch nominal thick- area over which this variation occurs babillty (1-d level in the Jeff tall of the distribu
tion This value is the amount of extra thicknessness for each piece occurs on the ad- gives a ratio of 166667 (0.125 -0075 needed on a piece of lumber to allow skips on,

lacent face That is, the variation for = 1.66667). percent of the lumber processed

4



If 2 percent of the mill's volume produced the surface area of a given sion, look at the first four boards in
production is 2 x 12's, the importance face is responsible for the dimen- the summary of surface area for 2 x
of the variation on the 2-inch dimen- sional variation of the adjoining face. 8's. It can be seen that the variation
sion of the 2 x 12 on Machine A For the sample data this means in the nominal 8-inch dimension was
relative to total r,,,! production will be that the variation in the 8-inch dimen- caused by the Scragg since this ap-0.90 x 0.02 = 0.018; or on Machine B sion of the 2 x 8's is caused by the pears in parentheses. These fourwill be 0.10 x 0.02 = 0.002. Scragg or Edger. The surface area of pieces are the total production of 2 x

In order to obtain meaningful the 2-inch face produced by the 8 - 8's manufactured by the Scragg.
figures from the tally on the data Scragg or Edger gives a measure of The surface area of the 2-inch face
form, each product must be identified the importance of the variation found (length x width or 2 x 10 = 20), under
so that its volume factor and resul- in the 8-inch dimension. the Scragg heading without paren-
tant importance to variation contribu- To help reduce the confusion possi- theses, is summed (20 + 20 + 20 +
tion can be calculated. In the ble here, the machine responsible for 20 = 80) to obtain the measure of
preceding example, 2 x 12's must be the variation in a given dimension is surface area to attribute to the varia-
identified as a product, the volume listed in parentheses above it in the tion in the nominal 8-inch dimension.
produced determined, and the volume summary of surface area table. This The percentage that this surface
factor calculated. This factor is then can then be read to mean that the area, for 2 x 8 - B's manufactured on
multiplied by the surface area variation produced by the Scragg, in the Scragg, represents as a percent
calculation for each dimension of parentheses, ir, the 8-inch dimension of the total surface area of 2 x 8's
each product. That is, both the 2- and is measured by the surface area of (680) is calculated (80 - 680 = 0.12)
12-inch dimensions of a 2 x 12 con- the 2-inch faces listed under the to give the surface area factor. The
tain variation. The percent of each Scragg, not in parentheses. surface area factor is calculated in
dimension produced on each machine As an example of calculating the this way for each dimension of each
must be known, surface area factor for one dimen- product tallied as follows.

In the example, the calculations
made addressed the 2-inch dimension
of the 2 x 12's. This will be denoted 2 x 8 - Summary of Surface Area
throughout the remainder of the
paper as simply 2 x 12 -2. The varia- Scragg Gang Horizontal Band Edger Length
tion in the nominal 12- inch dimen-
sion of the 2 x 12 would be (Gang) (Scragg)
designated as 2 x 12 -12 and the sur- 2 8 10 "1
face area and volume calculations ap- 2 8 10
plied as in the example for the 2 8 10
nominal 2-inch dimension. 2 8 10

Returning to the sample data in
figure 6, it can be seen that the pur- (Edger) (Gang)
pose is to obtain information to 8 2 14
calculate both a surface area factor 8 2 14
and volume factor. Multiplied
together, these give a measure of the
relative importance of the variation
found on each dimension of each pro- 2 x 8 - Total Surface Area Calculation
duct produced. The methods to calcu-
late the surface area and volume fac- 2 x 8. 8
torsfollow. Scragg = (2 x 10) + (2 x 10) + (2 x 10) + (2 x 10) = 80

Edger = (2 x 14) + (2 x 14) = 56
Calculating the Surface 2 x 8.2
Area Factor

Gang = (8 x 10) + (8 x 10) + (8 x 10) + (8 x 10)
An example of calculating the sur- + (8 x 14) + (8 x 14) = 544

face area factor for the data recorded
on the field form in figure 6 will be Total = 680
shown. In order to more easily
calculate the surface area for each
dimension as is necessary, it is
helpful to summarize the data on sur- 2 x 8 - Surface Area Factor Calculation
face area by product first (1 x 4, 2 x 8,
etc.). The surface area calculations 2 x 8 - 8
for each dimension (1 x 4 -1, 1 x 4 -2, Scragg = 80/680 = 0.12
2 x 8 -2, 2 x 8 -8, etc.) of the product
summarized are then made separate- Edger = 56/680 = .08
ly. In the example, the summary of
surface area for 2 x 8's is given first. 2 x 8 • 2
Remember that the machine which Gang = 544/680 = 0.80
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2 x 6 - Summary of Surface Area

Scragg Gang Horizontal Band Edger Length

(Edger) (Horizontal Band)

6 2 8
6 2 8

(Gang) (Scragg)

2 6 10
2 6 10
2 6 10
2 6 10

2 x 6 - Total Surface Area Calculation

2x6-6

Edger = (2 x 8) + (2 x 8) = 32

Scragg = (2x 10) + (2x 10) + (2x 10) + (2x 10) = 80

2x6-2

H. Band = (6 x 8) + (6 x 8) = 96

Gang =(6x10) + (6x10) + (6x10) + (6x10) = 240
Total = 448

2 x 6 - Surface Area Factor Calculation

2x6-6

Edger = 32/448 = 0.07

Scragg = 80/448 = .18
2x6-2

H. Band = 961448 = 0.21

Gang = 240/448 = .54

2 x 4 - Summary of Surface Area

Scragg Gang Horizontal Band Edger Length

(Gang) (Scragg)

2 4 14
2 4 8

(Edger) (Horizontal Band)

4 2 12
4 2 12

2 x 4 - Total Surface Area Calculation

2x4-4

Scragg = (2 x 14) + (2 x 8) = 44

Edger = (2 x 12) + (2 x 12) = 48

2x4-2

Gang = (4x 14) + (4x8) = 88

H. Band = (4 x 12) + (4 x 12) = 96

Total = 276



2 x 4 - Surface Area Factor Calculation

2x4-4

Scragg = 44/276 = 0.16

Edger = 48/276 = .17

2x4.2

Gang = 881276 = 0.32

H. Band = 96/276 = .35

I x 4 - Summary of Surface Area

Scragg Gang Horizontal Band Edger Length

(Edger) (Horizontal Band)

4 1 6
4 1 8
4 1 8
4 1 6
4 1 8
4 1 14
4 1 14

I x 4 - Total Surface Area Calculation

1 x4-4

Edger = (1 x 6) + (lx 8) + (lx 8) + (lx 6) + (Ix 8)
+ (lx 14) + (lx 14) = 64

1 x4-1

H. Band = (4 x 6) + (4 x 8) + (4 x 8) + (4 x 6) + (4 x 8)
+ (4 x 14) + (4 x 14) = 256

Total = 320

1 x 4 - Surface Area Factor Calculation

1 x4-4

Edger = 64/320 = 0.20

1x4.1

H. Band = 256/320 = 0.80

4/4 - Summary of Surface Area

Scragg Gang Horizontal Band Edger Length

(Edger) (Horizontal Band)

9.6 4/4 10
8.7 4/4 10

4/4 - Total Surface Area Calculation

4/4

H. Band = (10 x 9.6) + (10 x 8.7) = 183

Total = 183

4/4 - Surface Area Factor Calculation

4,4

H. Band = 183/183 = 1.00

7
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Table 1.-Calculating the volume factor

Product Tally Volume factor.. ....... .. ............................................. ... ..................................... ........ ... .....................
Fbm

1 x 4 21.33 21.33/213,92 = 0.0997

2 x 4 30.67 30.67/213.92 = .1434

2 x 6 56.00 56.001213.92 = .2618

2 x 8 90.67 90.671213.92 = .4239

4/4 15.25 15.25/213.92 = .0713

Total 213.92 1.00

Table 2.-Calculating percent contribution

Surface Volume Percent
Product Machine area factor - contribution

factor

I x 44 Edger 0.20 0.0997 0.0199 or 1.99
1 x 4 - 1 H. Band .80 .0997 .0798 or 7.98
2 x 4 4 Scragg .16 .1434 .0229 or 2.29
2 x 4 -4 Edger 17 .1434 .0244 or 2.44
2 x 4-2 Gang .2 .1434 .0459 or 4.59
2 x 4 2 H. Band .35 .1434 .0502 or 5.02
2 x 6 -6 Edger .07 .2618 .0183 or 1.83
2 x 6 -6 Scragg .18 .2618 .0471 or 4.71
2 x 6 -2 H. Band .21 .2618 .0550 or 5.50
2 x 6 -2 Gang .54 .2618 .1414 or 14.14
2 x 8 -8 Scragg .12 .4239 .0509 or 5.09
2 x 8 -8 Edger .08 .4239 .0339 or 3.39
2 x 8 -2 Gang .80 .4239 .3391 or 33.91

4/4 H. Band 1.00 .0713 .0713 or 7.13

Total =100.00

Calculating the Volume The Computer Program The first six columns of the header
Factor card allow the study identifier to be

entered. Columns 8 to 11 allow the

The volume factor is calculated by entry of a sequence number of 1 to
first determining the total board foot Hand computation has given the 9,999. T'-is sequence number is re-
tally from the lumber on the data percentage factors for the example ferred to by error messages in the
sheet. A tally for each product and data. This calculation is rather program and should be used. There
the percent of the total that each tedious even for a small amount of are six fields for machine identifica-
represents is calculated. Table 1 il- data. If a large ,ample of logs is be- tion. These are located in columns 17
lustrates this procedure. ing run, use of the computer program to 20, 23 to 26, 29 to 32, 35 to 38, 41

will save much computation time. to 44, and 47 to 50.
Calculating Percent Figure 8 shows an example of out- The first two columns of each

Contribution put from the computer program to machine identification field hold the
calculate machine contribution. The machine code. This code allows the

Percent contribution can now be program was run using the same designation of a machine name
calculated by multiplying the surface sample data used for the hand without writing it out completely. The
area factor times the volume factor. calculations, with the answer iden- code references a list of machines in
This multiplication and conversion to tical except for rounding error. the program. This list contains most
percent is shown in table 2. Data are entered into the program names it is thought will be en-

Percent contribution by machine via two types of data cards, a header countered in a sawmill. The list
center can now be summarized from card followed by cards holding study shown in Appendix I currently con-
table 2 by summing the individual per- data. tains 22 names and the array holding
cent contributions for each product Figure 9 shows the formatting of
for each machine. Since this sum- the header card used to run the sam-
mary would be identical' to the sum- pIe data. This card contains only four Due to rounding errors. the values arrived at

mary given by the computer output in machines, although up to six are by hand computation differ somewhat from

figure 8, it will not be repeated here. allowed by the program. those by computer calculation.
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SAMPLE "'ACH' LJ'TRIUTION STUDY

PRO0IICT PRfF)U)(.ED PEPCE NT MILL VbLUME

1 X 94 .97

7. 13

I0C,.00 %
MACHINIE: 2-SAN SCAG6.

PIME',SION PRODUCED PFPCFNT 31PFACF APFA PEPCENT COTPTFIjTTON

? x '4 - '4 15.q94 2.29

2 x b - b 17.8t, 4.67

2x8 -11.7b Uq

TOTAl MACHINE CONTRIBUTION 11,95 X

MACHIKE: (;ANIG E G ER(SINGLE APFOP)

DIIEKS1O"N PRD'JCED PERCENT SiJRFACE AREA PERCENT CONTRIBUTION

2 x '4 - 2 3,B ,,57
2 x 6- 2 53.57 14.02

2 x 8 - 2 S0.00 33.91

TOTAL MACHINE CONTRIBUTION 52,50 %

MACHIPJF * HORIZONTAL BAND

01"ENSION PRODUCED PFRCENT SUPFAI:E AREA PERCENT CONTRIBUTION

I x 4 - 1 P0.00 7.99

2 x '4 - 34.7) 14.9,

2 x b - 2 21.143 5.l

4/4 10l.00 7.13

TOTAL MACHINE CONTRIBUTION 25.70 %

MACHINF: ? OR 3 SA ; EI GEtP

DIMENSION PRODUCED PRCENT SRJRFACE ARFA PERCENT CONTRIbtlTION

I X Li - 4 20.00 1.qq

2 x 4 - u 17.39 2.49

2 x 6 - 7,14 1.67

2 x 8 - P 3.19

TOTAL MACHINE CtUrTRIHUTJON 9.F5 %

Figure 8.-Computer Output
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the names will allow up to 100. If a ._ , * "
name is not in the list, it can easily --n- -- " 1-'1'  ' -I
be added to the program's array. To .. , , " -.
enter the machine code, locate the
machine name in the machine code AA ,L ,M I ,") IA-6. .
list and select the proper code ... , .. , , C.,W) 6(,A , IjpA

MAOIId- S (.5r) ,1" cra A X UDA dash separates the machine code . , ,, o -
entered in the first two columns of
each four-column machine identifica-
tion field from a machine number
entered in the last column of the
field. The purpose of the number is to
identify a machine if two machines in
a mill should happen to have the
same name. If a flow chart of the mill
operation, as shown in figure 1, is
made as it probably should be for
every mill study, it is easy to
reference the exact machine in the
mill that the program output
references. The machine code and
number identifying each machine are
shown in figure 1.

The purpose of the header card is
to identify the surface area/volume
data to follow on the study data
cards as to machine responsibility.
The format for the card3 holding the
sample surface area/volume data is Figure 9.-Format of Header Card
shown in figure 10. The fields on
these cards are set up as they appear
on the data form. Each of six possible -, ,,, f ,A,,l f ,,,,,. ,,N,, S ,
machines can contain data for both ....... - "*IF'" T. . , fl.,.'M- rTo.. .,, -. ,1M r 0 ,.,.
thickness and width. That is, since bA".,A .A a

each machine is capable of producing .JA-,LA-

both thickness and width, a field is - .,

available for each. The method of en- S . . 0,

try for each machine is the same, and .6 *. ,
the column locations are shown in ' -
figure 10. a-....

The entry of the data on the sur- SS I. .

face area/volume data cards is V.Ajq,. , ., , '

straightforward. The data taken from .S.,A ,., Z .

the data form are entered right- ,.Ap, Li.

justified in the appropriate machine I '• .=

fields on the cards. ,.... .0. . .. .....
01 IP Z1. Li 2 I. . .. . . .'An alphabetized definition of pro- A -. .U' .. .

gram variables is given in Appendix II, sin'+ z.. J . ,

and the program listing is given in Ap- ..... I. . . If/

p e n d ix I. ......... .. 7 Y / ,

Figure 1.-Format of Sample Data
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APPENDIX I-

Machine Code List

Code

01 Band Headrig 09 Quad Band/Slab Chipper 52 Band Linebar

02 Circular Headrig 10 Sash Gang (Log) 53 Circular Linebar

03 Circular Headrig/Vertical Edger 11 2-Saw Scragg 54 Hcrizontal Band
04 Band Headrig/Slab Chipper 12 4-Saw Scragg 55 Horizontal Circular

05 Circular Headrig/Slab Chipper 13 Chipper Canter 56 Sash Gang
06 Twin Band 57 Vertical Band Splitter
07 Quad Band 50 Gang Edger (Single Arbor) 58 2 or 3 Saw Edger
08 Twin Band/Slab Chipper 51 Gang Edger (Double Arbor)

APPENDIX II-
Alphabetized Definition

of Program Variables

PROGRAM VARIABLES

VARIABLE TYPES

A = ALPHANUMERIC
I = INTEGER
R = REAL

VARIABLE TYPE DEFINITION
. ** Ik~ .**** e * **** t ***t *Qt~ Qt **.t** *** ***********************ttQ~

CHAR(2,b) A A SPACE ( ')* SLASH ('I')# DECIMAL POINT V.').
OR ONE (1'). DETERMINES WHETHER tHE PRODUCT BEING
PROCESSED IS RANDOM WIDTH OR SPECIFIED DIMENSION.
FOUND ON EACH DATA CARD IN COLUMNS 20925,303S4I094d6
50655,60465*AND 70975.
CHAR(A.8lt
A = COLUMN IN WHICH THE DIMENSION OR THE SURFACE AREA

OF EACH PRODUCT IS FOUND.
B : MACHINE NUMBER.

CNTRIB R PERCENT CONTRIBUTION OF EACH DIMENSION FOR EACH
MACHINE.

ERROR SUBROUTINE USED TO PRINT OUT ERROR MESSAGES.
I I COUNTER FOR 00 LOOPS.
11I C)UNTER FOR THE NUMBER OF DATA CARDS READ IN. THE

PROGRAM is CURRENTLY SET AT A MAXIMUM OF 1000 DATA
CARDS,

TP I MOLnS ONE OF THE SPECIFIED NOMINAL DIMENSIONS FOR A
SINGLE PRODUCT, "JP" MOLDS THE OTHER.

ISAV I USED TO PRINT OUT ONE NOMINAL DIMENSION FOR SPECIFIED
DIMENSION LUMBER, 'JSAV" PRINTS THE OTHER.

J I COUNTER FOR 00 LOOPS.
jP I HOLDS ONE OF THE SPECIFIED NOMINAL DIMENSIONS FOR A

SINGLE PRODUCT. PIP- HOLDS THE OTHER.
JSAV I USED TO PRINT OUT ONE NOMINAL DIMENSION FOR SPECIFIED

DIMENSION LUMBER. "ISAV" PRINTS THE OTHER,

11



K I COUNTER FOR DO LOOPS.
KM I 4ACHINE 4UMBER (1-b).

LENGTH I POARO LENGTH.
MACHINQ(?2,b) I ARRAY USED TO STORE SURFACE AREA INFORMATION FROM EACH

DATA CARO AS IT IS READ,
MACHIN(ABC):

A z THE DIMENSION OR THE SURFACE.AREA BEING PROCESSED.
@ a ONE OF THE TwO COLUMNS ASSIGNED TO EACH MACHINE

HOLDING DIMENSION OR SURFACE AREA INFORMATION.
C = MACHINE NUMHER.

MCODE(b) I MACHINE CODE INDICATING MACHINE TYPE. FOUND ON THE
HEADER CARD IN COLUMNS: 16-16b,2-24,28-30#34-36#0-42#
4b-L8.
mCnDE(A):
A z MACHINE NUMBER.

mp I COUNTER FOR THE MACHINE NUM@ER.
MN I C01INTE9 FOR THE MACHINE NUM8ER.
MR I COUNTtR FOP 00 LOOP.

MSK[P I INTEGER VALUE EQUAL TO SPCT.
msu.I I INTEGER VALUE EQUAL TO SMSUM OR QMSIJM.

Ml I MACHINE NUMBER (1-b) CORRESPONDING TO THE FIRST PIECE
OF SURFACE AREA OR DIMENSION DATA ON A SINGLE DATA
CARD.

M1 1 MACHINE NUMBER (1-6) CORRESPONDING TO THE SECOND PIECE
OF SURFACE AREA OR DIMENSION DATA ON A SINGLE DATA
CARD.

N I COUNTER FOP DO LOOP.

NBLANK(b) I CHARACTER FALLING BETWEEN THE MACHINE CODE "MCODE" AND
THE MILL SEQUENCE NUMBER NCODE* ON THE HEADER CARD,
MUST BE EITHER A SPACE OR A DASH.

NBLANK(A):
A z MACHINE NUMBER.

NCODE(b) I SEQUENCE NUMBER FOR EACH MACHINE FROM FLOW CHART OF
PILL, FOUND ON THE HEADER CARD IN COLUMNS: 20,2b,32v
38,44,SO.
NCODE(A):
A x MACHINE NUMBER.

NSEQ I SEGUENCE NUMBER OF THE DATA CARDS. USED FOR ERROR

CHECKING, FOUND IN COLUMNS 8-11 ON EACH CARD.
NT I USED AS A FLAG IN A DO LOOP.
N#ID I INTEGER USED TO CHECK THE WIDTH VALUE.
PCTRVM(20) R PERCENT OF MILL'S VOLUME MADE UP BY EACH RANDOM WIDTH

PRODUCT.

PCTRVM(A):
A a THICKNESS OF RANDOM WIDTH PRODUCT.

PCTSVM(1e6lb) R PERCENT OF MILL'S VOLUME MADE UP BY EACH SPECIFIED

DIMENSION PRODUCT.
PCTSVM(AB)I

A&B 2 THE SPECIFIED NOMINAL DIMENSIONS.
RAREA(CO,?) R TOTAL SURFACE AREA OF EACH RANDOM WIDTH PRODUCT FOR

EACH INDIVIDUAL MACHINE.
RAREA(A,B)
A 2 MACHINE NUMBER*

B a THICKNESS OF RANDOM WIDTH PRODUCT.
RM I COUNTER FOR THE MACHINE NUMBER,

RMSUM(20) R TOTAL SURFACE AREA OF ALL RANDOM WIDTH PRODUCTS.
RHSUM(A)l
A x THICKNESS OF RANDOM WIDTH PRODUCT.

RP I THICKNESS OF RANDOM WIDTH PRODUCT.

12



RPCT(6.20) R PERCENT OF EACH RANDOM WIDTH PRODUCT PRODUCED ON EACH
INDIVIDUAL MACHINE*
RPCT(AB)g
A a MACHINE NUHfOER.
B a THICKNESS OF RANDOP. WIDTH PRODUCT.

RSKIP(b) I FLAG VARIABLE EQUAL TO ONE WHEN RANDOM WIDTH PRODUCT
BEING PROCESSED.
RSKIP(A)t
A = MACHINE NUMBER.

RVOLIm(?0J p TOTAL VOLUME OF EACH RANDOM %IDTH PRODUCT.
PVULUM(A):
A a THICKNESS OF RANDOM WIDTH PRODUCT.

SAREA(o,1I,18)R TOTAL SURFACE AREA OF EACH SPECIFIED DIMENSION PRODUCT
FOR EACH INDIVIDUAL MACHINE.
SAREA(A,B#C):
A z MACHINE NUMBER.
B&C a THE SPECIFIED NOMINAL DIMENSIONS.

SAwS(sp|Oo) A STORES THE NAMES OF THE MACHINES.
SAwS(AB):
A z NUMBER (5) OF SIX CHARACTER ALPHA FIELDS.
8 r MACHINE CODE "mCODE".

SMSUM(18018) R TOTAL SURFACE AREA OF ALL SPECIFIED DIMENSION PRODUCTS.
SMSUM(A,B):
A&F = THE SPECIFIED NOMINAL DIMENSIONS,

SPCT(b,i8 p18) R PERCENT OF EACH SPECIFIED DIMENSION PRODUCED ON EACH
INDIVIDUAL MACHINE,
SPCT(A,BPC):
A = MACHINE NUMBER.

09C = THE SPECIFIED NOMINAL DIMENSIONS.
SPI I HOLDS ONE OF THE SPECIFIED NOMINAL DIMENSIONS FOR A

SINGLF PRODUCT. *SP20 HOLDS THE OTHER.
SP2 I HOLDS ONE OF THE SPECIFIED NOMINAL DIMENSIONS FOR A

SINGLE PRODUCT. "SP1" HOLDS THE OTHER.
SSKIP(b) I FLAG VARIABLE EQUAL TO ONE kHEN SPECIFIED DIMENSION

IS BEING PROCESSED.
SSKIP(A):
A : MACHINE NUMBER.

S1UDY(3) A STUDY IDENTIFIER FOUND IN COLUMNS 1-b OF EACH DATA
CARD.
STUDY(A):
A = NUMBER (3) OF TwO CHARACTER ALPHA FIELDS.

SvOLUM(18.18) R TOTAL VOLUME OF EACH SPECIFIED DIMENSION PRODUCT.
SVOLUM(AB):
Age z THE SPECIFIED NOMINAL DIMENSIONS.

TOTCTB R TOTAL PERCENT CONTRIBUTION OF EACH MACHINE.
T0TPCT R TOTAL PERCENT BY VOLUME OF ALL PRODUCTS PRODUCED.
TDTVOL R TOTAL VULUME OF ALL PRODUCTS PRODUCED.
TYPE I REFERENCES ERROR MESSAGE TO BE PRINTED.
WIOTH R THE RANDOM NIDTH BEING PROCESSED.
XMCHNS(15) A USED TO DETERMINE IF MORE THAN SIX MACHINES ARE BEING

READ FROM THE HEADER CARD.
XMCMNS(A):
A NLIMBER (15) OF TWO CHARACTER ALPHA FIELDS.
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APPEN DIX III-
Program Listing

I DIMENSION CHAR(2,b),MACHIN(2,2,b).MCODE (6) .NSLANK(b) .NCODE (6).
2 1 PCTSVM(1S. 18),PCTRVM4(20),RAREA(b,20),RMSUM(2O),RPCT(b,?O)I
3 2 RSIIP(6),RVOLUM(2O),SAREA(6,1B, 18),SAWS(5,100),SMSUM(1IS1),
* 3 SPCT(6,I6. 18).SSKIP(b),STUDY(3).SVOLUM(16,1S),XMCHNS(15)
5 INTEGER RMRP,RSKIPSP1 DSPZ,SSKIP
6 C **.THE FOLLOWING DATA STATEMENT USES ..
7 C e. AN OA60 FORMAT. YOUR COMPUTER MAY ..
a C 'a.NOT ALLOW THIS. ALL OTHER ALPHA- to***
9 C .. NUMERIC FORMATS IN THIS PROGRAM ..

t0 C a. ARE EITHER IA4 OR 6A26. 00
It DATA ((SAWS(1.J).Ih).5),Ju1,13)/'BAND HEADRIG
12 1 *CIRCULAR MEADRIG CIRCULAR HEADRIG/VERT.EDGER '
13 2 'BAND HEADRIG/SLAB CHIPPER CIRCULAR HEADRIG/SLA9 CHIPPER'#
14 3 'TWIN BAND QUAD BAND
is 4 'TWIN SAND/SLAB CHIPPER QUAD BAND/SLAB CHIPPER
16 S 'SASH GANG(LOG) 2-SAO SCRAGG
17 6 '4-SAW SCRAGG CHIPPER CANTER
is C ***** SECOND HALF OF ARRAY *...0
19 DATA ((3AW3(I.J),1uI.5),J:SO,SO)/'GANG EDGER(SINGLE ARBOR)
20 1 'GANG EDGEROUSLE ARBOR) BAND LINEBAR
21 2 'CIRCULAR LINEBAR HORIZONTAL BAND
22 3 $HORIZONTAL CIRCULAR SASH GANG
23 4 'VERTICAL BAND SPLITTER a OR 3 SAW EDGER
24 C ***'* READ HEADER CARD a...'
25 READ(Se)) (SIDYCI),Icl.3).NSEQ, (MCOOE(J).NBLANK(J),NCOOE(J),
26 1 J8Ipb),(XMCHNS(K).Kx1.15)
27 1 FORMAT(3A2,9 1.4,3X,b(IX,13,Al. II).15(A2))
28 C .a BEGIN PAGE a.
29 WRITE(6v69)
30 C .' TEST FOR TOO MANY MACHINES a.
31 DO 2 Ku1.5
32 IF(XMCHNS(K).NE.' ')CALL EPROR(O1,NSEQ)
33 2 CONTINUE
34 C a'.TEST FOR CORRECT FORMAT ..
3S DO 4 331.6
36 IF(NSLANK(J).NE.1-'.AND. NBLANK(j).NE.1 ')CALL ERROR(OZ#NSEG)
37 4 CONTINUE
38 C a..READ AND PRINT EACH DATA CARD a.
39 DO 38 1131,1000
40 READ(5SEND=40) (STUDY(I),Iz1,3),NSEQ. (MACHIN(ID£DK).CHAR(,ft).
41 1 MACHIN(1,2.KhoMACHIN(Z.1.K),CHAR(2,K),MACMIN(2,2,K),Kz£ .6).
42 2 LENGTH
43 5 FORMAT(3A2.1E.14,6X,6(I2.AI.1l,1p2,AII1.Ix). 13)
44 WRITE(6@7) CSTUDY(I),Iul,3),N3EQ. (MACHINd. lK).CHAR(lK).
4S I MACHINCI,K),MACHINC2. I K).CHAR(Z2g() MACHIN(2,2.g).MaI .6).
46 2 LENGTH
47 7 FORMAT( ' ,3A2,IX,14,6X,6(12.AI.I1.IXo12o,A.1. Xh13)
46 C a**.. TEST FOR NO GIVEN LENGTH 0.
09 IF(LENGTH.EQOo)CALL ERROR(030NSEO)
so 00 10 MksI,6
51 00 6 181.2
52 C .'.ALLOW FOR DIMENSIONS LARGER THAN a.
S3 C a..9 TO USE CHARACTER COLUMN
S4 IF (CHAR(I.MM).EQ '1' )MACHIN(1,2.MM)XMACHIN(I.?.MM),1O.
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IF (CP4&f' (I *mk) EQ. *I I )O ILI 8
C a*** TEST FoR COIRRECT FORMAT 0*

SOI CHAR(Iv"M).NE.'.0)CALL ERROW(02,NSEG)
So CONTINUE

bo C I" EST FOR DIMENSIONS LARGER THAN
a] C 2a' 0/4 RANDOM THICKNESS OR 18 INCH "

62 "a SPECIFIED 104ICKNESS OR WIDTH ..

63 IFI (MACMIN(1.1,MM4).GT.2O.OR.MACHIN(2,1,4Mm).GT.2O).AND.
6'. 1 CAPtM4.O'.RCA(.).Q/)CALL ERPOR(Oi5,NSEG)

b% JP-( (MACMIN(l,1DtmM).GT.18.0R.M4ACHIN(2?,DM4).G7.16).AND.
bb2 (Cm.A(,MM)*kQ.0 '*OR*Cm4AR(2,mM).E0.' ')) CALL ERR0R(04a,NSEQ)

b7 c .a DETERMINE I..tETMER SPECIFIED OR ..

60 ca. RANDOM DIMENSIONS ARE USED "a

b9 IF(CmAR(IMm).EQ.'/') GO TO ?4
70 IFCA(.M.G')GO TO Ps
71 10 CONTINUE

72 C .a TEST FOR ILLEGAL DECIMAL POINT 'a
73 DO 12 mmz3,b

74 IFECHAR~i .mm).Eg.t..OR.CMAR(2,mH).EO.I.') CALL ERROR(05.NSEG)
7s 12 CONTINUE
it) SPIZO
77 p~c

76 ~ NYTz

C. c'a FIND THE MACHINE NUMEIU(S) e***.
#3fl C .. AND EACH DImENSION ..
81 C a. FOR SPECIFIED DIMENSIONS *4eee

A2 DO ?0 KIMZI.6
83i Vu 11$ 1:3,2

666 IF(SPI.NE.O) P4T21
8 F Do' 1' J=1,2I
be TF(MACHIN(I,J,KM).Nf.0) GO TO 16
LA7 1 a CONT]IpylE
h8 GO TO 18t
59 16 IF(NT.EQ.0) SPIZPAI.MIN(I*J#KM)
g0 IF (01.EG.0) P413MM
91 I(TE.)SP23MACN4IN(I#J#K")

92 IF(NT.EO.t) M28KM

93 IF(N1.EW.l) GO TO 22
oil 18 CONvT!NUE
95 d? f, CONI I Nt
9b C *a*** PROGRAM SHOULD NEVER REACH THIS POINT *a***

97 C a'"AS IT SHOULD HAVE TAKEN THE GO TO 2?''a
98 C 1. WHEN IT HAD A FULL SET OF DATA 0'

go CALL fkROP(Ob.NSEQ)
too C a. CALCULATE THE SURFACt AREA .*
101 C .a FOR EA4Cm SPECIFIED DIMENSIONa.'
102 22 SAk4A(WI ,SPI ,5P2)zSSARA(MI,5P1.SP2)*FLOAT(SPI)*FLOAT(LENGTH)/12.
10s )APEA(m2.SP2,SPI)aSAREA(M?,SP2.SP1 )CFLOAT(SP2)*FLOATCLENGTN)/12.
log SvOLu'41SP1 .SP22:SVOLI.J(S,SP2)FLOAT(SPI*SP2*LENGTH)/2
lOS 6,0 To 38
lob ... TEST FOR NO THICKNESS ..
107 1: *e*a FOR PAN4DOM WIDTH PRODUCT ..
10(4 2'. IF(mACkIf4(l,t.MM.EQ.O) CALL ERROR(07,NSEG)
309 PPZWAC*IIN( 1 01 04M)
110 GO TO 20
111 26 1I (MACO-IN(2 I oMM) EG.01 CALL 1RhOR(07,NSEG)
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113 28 00 30 RM:1.6
114 C '. TEST FOR MISSING DECIMAL ON WIDTH a*
its C '*'FOR RANDOM WIDTH PRODUCT
116 IFCMP(1R).E..) GO TO 32
117 IF(CHARC2vRM).EU..,') GO TO 34
118 IF(RM.EQ.6) CALL ERROR(08,NSEG)
119 30 CONTINUE
120 12 .wDT.4FLOAT(MACHIN(1,1,RM))+FL0AT(MACIN(1,2,Rm))/1O.
121 GO TO 36
122 34 sIOTH:FLOAT ("ACIN(2,1I ,m) ),FLOAT(MACIIIN(2.2,Rm) )/t0.
123 C a"TEST FOP UNACCEPTABLE WIDTH ..
124 C a. FORl RANDOM WIDTH PRODUCT
125 36 NWIO2VIIOrH*IO
Iao IF(NPrO.LT.t) CALL ERROQ(09*NSEG)
127 RAREA (RWRP):RAREA (RM.RPI+wIOTM*FLOAT(LEAJGT#O/12.
120! WVOLUMRPP)RVOLJM(RP) .FLOAt(RP)/M..wIOTH.*FLOAT(LENGT4)/12.

1438 CONTINUE
IS0 C a. IF THE STUDY DOES NOT HAVE ANY
131 C '.*SPECIFIEn DIMENSIONS@ THE MULTIPLE ''
132 C a".FACE CALCULATION IS SKIPPED. a.
133 III) IF(SPI.EQ.O.A%.D.SP2.EQ.O) GO TO 54
13.6 C .. CALCULATE THE TOTAL SURFACE AREA "

135 C a..FOR SPECIFIED DIMENSIONSa'.
136 DO ah6 Iz1,18
13? DO 44i J21,18
138 00 412 9(21*6
139 SHsU~m( I.j)zs~UM(Ij).SAREA(9(,I,J)
1460 (A2 CONTIN~UE
I u 1 14 u CONT INUF
1462 .'e, CON r I ((E
6'63 C a.'CALCULATE SURFACE AREA PERCENTAGE *a.'.
1444 C a'.FOR SPECIFIED DIMENSIONS
JOS5 00 52 1:1,b
1 46 Ov So JZ1l8
1Ju7 00 4iS K21,18

1048 "SUMSSMSUM(J,9()
1-49 IF (mSUN.LE .0) GO TO 468
ISO ~iPCT( 1,J.()ZSAREA(Ii.KIalOO./(SMSUM(J,()SSU(,J))

Ir~lIF SPCT(Io,JI9.GT.O. I SSKIP(I):l
152 48 CONTINUIE

15so CO%TPNUE
115u 5 ? C UrNT I 41

55 C Ci' ALCIJLATE THE TOTAL SURFACE AREA*.a
15h C *see* F04 RANDO" WIDTHS
IS? sa u 58 ZI 2

154 o0 vi e 1.

100 So CnNTINUE
161 SA~ CUNTNUF

1O3 C ease. CALCk, Arr SwIOFACf ARIA PERCENTArF. t.
hQ C Fowe R fANDOM aIor"S ..

160)1F(S1 LtQ

I 07 u 0 P", Z1 I ,

I =I v ,.:.A6 A K N a U/Rw Si (N)



r 6 -FRC(,)G.O)RKPKx

170 60 CONTINU$E
171 62 CONTINUL
172 00 bb SP1:I16
173 DO 61* SP22l11
178 TOTVOL=TOTVOLSVOLUMCSPI*3P2J)
175 64 CON T I NIE
176 b6 CONTINUE
177 00 68 tRP:1,20
178 roTVOL=TOTVOL+RVOLU"(RP)
179 68 CONTINUE
t80 ARITE(b.69)
181 C **.NEw PAGE.'*
142 bQ FORMAT('l')
183 C ** CALCULATE AND PRINT '*

1134 C PERCENT OF MILL VOLUME **
185 C .*.BY PRODUCT
lab wRITE(6#71) (STUOY(I)vIzI,3)
IA? 71 FOP0MAT(24Xv3A2f' MACHINE CONTRIBUTION STUDY 1//

1036 1 20p,'PAODUCT PRODUCED',7X,'PERCENt MILL VOLUME'/

190 C '* CALCULATE PERCENT OF MILL VOLUME **

191 C a..FflR SPECIFIED DIMENSION PRODUCTS a*

192 00 76 SPi:1.18
193 D0 7'* SP2zI,IS
194 IF(SPt ,LE.SP2)PCTSVM(SPISP2)2(SVOLUM(SP2.SPI),SVOLU$4(SPISP2))

105 1 /TOTVOL*1OO.
196 IF (SPI .GT.SP2)PCTSVMCSP2.SPl):(SVOLUM(SP2.SPI),SVOLUM(SPt,SP2))
197 1 ,TOTVOL.100.
1q8 LF(SPI.GT.SP2)GO TO 74

199rotPC TsTOTPCT+PCTSVM(SPI ,5P2)
ZflO IF rPCtSvm(SPI.SP2).NE.0)WRITE(0,73)SP1ISP2,PCTSVMCSPI,5P2)
201 73 FORAT(249I. ,12,1 0Iv8XoF6.2)
202 74 CONTINUE
203 76 CONTINUE

C201t.. CALCULATE PERCENT OF M4ILL VOLUME ..

205 C a..FOR RANDOM. wIOll' PRODUCTS ..
206 DO. 78 RPzl#20
207 PCTRV'i(RP):PVOLUM(RP) /TOTVOL*100.
208 TUTPCT=T0TPCT+PCTR M(RP)
209 lF(PCT5RVM(RP).NE.O)WPITE (6,77)PPCTRVM(RP)
210 77 FObRMAT(25X,I2,fi4',20X,Fb.2)
211 78 CON T INUE
2k2 mRIrE(bp79)TOrPCT
213 79 Fo~mAr(a8x,*--------- '/49XPF6.2,'1 '//
21Q DO 94 MNZ1,6
215 TOTC TR=:.
216 IF(SSKIPCPN).NE.1.AND.RSKIP(MN).NE.1) GO TO 94
217 MM=MCODrCMN)
218 C ****. PRINT MACNINE CONTRIBUTION TAdLE ..

219 ARITE (6,81) (SAW3CI#MM)vI:1.5)
?120 Al FORm&TI9l1///20X,0-ACHINEl IS(Ab)//.
2?1 1 5A.'DIMFNSION PRnOlCFO',4XPPERCENT SURFACE AREA$,

24~)2 4E 'PkQCf:Nt CONTRIBUTION'/SX,18('-1),4X,20V1-').UX,20('-'))
??s 1F(SS1(P(fANI.NE.I) GO TO 90
? P's0(1 041 (1 .2

2125 c ****a PR~INT MAC"TNE CONTRIOUTION FOR
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226 C a..SPECIFIED DIMENSION PRODUCTS ..
227 00 86 JPz1,16
226 MSKIPzSPCTCMN@IP#JP)
229 IF(PSKIP.LE.0) GO TO 86
230 ISAVZIP
231 JSAVaJP
232 IF(IP.GT.JP) ISAV:JP
233 IF(IP.GT.JPI JSAv=IP
23'4 IF (JP.GE.IP)CNTRIB3PCTSVM(IPJP)*SPCT (MN, IPJP)*.0
235 IF CIP.GT.JP)CNTRIBSPCTSVMCJP, IP)*SPCT(MN. IP,JP)*.0l
236 TOTCTB=TOTCTBCNTRIS
23? IF (JSAV .GE. IO.OR.JP.GE, lO)wRITE C6.83)ISAvJSAVJP#
238 1 SPCTCMNIPtJP),CNTR[8
239 83 FORMATC9X,12,8 X 4,12,0 - ',12,13X,F6.2.17X#F6.2)
ag0 IF (JSAV .Lr.10.ANO.JP.LT. l0)MRITEC6,85) ISAV,JSAV,JP,
241 1 SPCT(MNPIPJP)oC'4TRIS
292 85 F04MAT(1OX*I1.' X '#It@$ - l*I1,1SX,F6.2,1?X,F6.2)
243 86 CONTINIUE
244 88 CONTINUE
245 90 DO 92 MPSI,20
246 C .. PRINT MACHINE CONTRIBUTION FOR '.
247 C .* RANDOM WIDTH PRODUCTS
248 MSKIP:RPCT(MN,MP)
249 IF(MSK([P.LE.0) GO TO 92
250 CNTRJ~xPCTRVm(MP)*RPCT (MN.MP)*.Ol
251 TOTCT8:TOTCTB+CNTRIO
252 WRITE(6,91 ),MP.RPCT(MNMP),CNTRIB
253 91 F0R1iAT(lOXI2, '/9',20x,F6.2, 17XF6.2)
2S4 92 C0'JTINUE
255 a'ITE(6#93)TUTCTO
256 93 FORm4T(57X,9C'-')127X,lTOTAL MACHINE CONTRI~uTION',L4K,Fb.2vl %It
25? //I///l)
258 Q CONTINUE
259 "RITE(6,69)
2o0 END

I SUBROUTINE EPRORCTYPE,NSEO)
2 INTEGER TYPE
3 WRITE(6#5)
9 S FORMAT('0',r6Xv TYPE OF ERROR: ')

5 GO TO Cl00.200,300,4OO.500,600,700,800,900),TYPE
6 100 WRITE(6#1O)
7 10 FORMAT(f+$p22X,'MAX[#41JM OF 6 MACHINES EXCEEDED ON HEADER CARD')
8 GO TO 1000
9 200 WRITE (6,20)

10 20 FORMATC',.#22X#'8A0 FORMAT ON CARD')
11 GO TO 1000
12 300 WRITE(6*30)
13 30 FORMAT(',',22XPILENGTH IS UNDEFINED')
14 GO TO 1000
is 400 WRITE(6,40)
16 40 FORMAT(',',22X,IMAXIMUM BOARD DIMENSION EXCEEDED.')
17 GO TO 1000
is S00 WRITE(6oS0)
19 50 FOP"AT(',',22X'INTEGER MUST BE USED FOR A STANDARD DIMENSIONS LOGW
20 1)
21 Go TO 1000
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22 600 WRITE(6,60) NSEG
23 60 FOPMAT(.'t22X*IUNABLE TO FIND COMPLETE DATA ON CARDS '#18.
24 1/'e PROGRAM TERMINATED.I)

26 STOP
27
as 700 WRITE(6*70)
29 70 FORMATC','22X@THICKNESS IS UNDEFINED ')

30 GO TO 1000
31 800 WRITE(6,80)
32 80 FORMAT('.'.22XA DECIMAL MUST BE IN PROPER POSITION TO INDICATE
33 1 *WHICH MACHINE IS USED TO CUT THE WIDTH')
34 GO TO 1000
35 900 WRITE(6,90)
36 90 FORMAT(','.22X'THE WIDTH IS TOO SMALL')
37 GO TO 1000
36 1000 WRITE(61111) NSEO
39 1111 FORMAT(bX'ERROR DETECTED AT CARD NUMBER :'IS)

40 RETURN
41 END

SA 1-2, 4-3

U.S. Forest Products Laboratory.

Procedure and Computer Program to calculate machine

contribution to sawmill recovery, by P. H. Steele,
H. Hallock, and S. Lunstrum. Madison, Wis., FPL 1981.

20p. (USDA For. Serv. Res. Pap. FPL 383).

The importance of considering individual machine
contribution to total mill efficiency is discussed, and a

method for accurately calculating machine contribution is

introduced along with an example using this method. Also

presented is a FORTRAN computer program to make the
necessary calculations automatically. _"

Key Words: Sawmilling, Computer Program, Variation,

Quality Control, Surface area.
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