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Abstract

DESIM is a comprehensive {ool
for designing and simulating hard-
wood sawmiil systems. Developed to
handle complex sawmill designs and
many possible raw materialiproduct
mixes, it provides a valuable analytical
tool for sawmill managers and de-
signers. it is a user-oriented system
that makes it easy to change many
factors including the design itself to
analyze the operation of new or modi-
fied mills before they are built.



introduction

Sawmill analysts have found that
many hardwood milis in the Northeast
are not set up to process available
raw materials efficiently. The problem
has been compounded by changing
market conditions that have forced
mills to produce products other than
those they were originally designed
for. New mills must be built and ex-
isting milis modified 1o handie the
changing raw material and product
mixes efticiently. A new system called
DESIM' (DEsign SiMulator) can help
in the design of new mills and the
modification of existing mills to
achieve this efficiency.

DESIM is the only system of its
kind available for designing and simu-
lating hardwood sawmill systems, a
valuable analytical tool for sawmiil
managers and designers. With the
present high costs of construction
and equipment, new or modified mills
must do the job for which they are
built. Even minor medifications are
costly afterward. DESIM aliows a
tharough look at the operation of a
mill before it is built or modified,
providing answers to important ques-
tions such as:

* Are the conveyor and surge deck
systems adequate?

* Are there any bottienecks?

e What happens it raw material size
and/or grade distributions change?

¢+ What happens if the product mix
changes?

« How will an increase in downtime
affect production?

+ How will adding a piece of equip-
ment affect production?

This is a user-oriented system that
makes it easy to test the effect of
changes in many factors, including
the design itself, on answers to these
and many other questions.

‘The computer programs described in
this publication are avaiiable on request
with the understanding that the U.S. De-
partment of Agriculture cannot assure
their accuracy, completeness, reliability,
or suitability for any other purpose than
that reported. The recipient may not as-
sert any proprietary rights thereto nor
represent them to anyone as other than
Government-produced computer programs.

Because DESIM was developed
10 handle complex sawmill designs
and many possible raw material/
product mixes, it requires a large
mainframe computer such as those
available at most universities. An iBM
370/158? was used to develop and test
it. And, because the system uses the
GASP IV FORTRAN-based simulation
language, users must have the GASP
iV package available {Pritsker 1974,
1977). A conversational monitor sys-
tem {CMS) computer terminal is also
required to handie the question and
answer technigue used to set up
andlor change mill designs. To many
potential users, these requirements
may seem unreasonable, however,
with a CMS computer terminal and a
telephone hookup (modem), adequate
computer facilities are only a tele-
phone call away.

Although the system requires the
use of a large computer, it is relatively
inexpensive to use. The cost will de-
pend on (1) the size and complexity of
the mill being designed; (2) the length
of operating time being simulated;
and (3) the various changes required
by the computer center. However, it
should not cost more than $25 o set
up a design and simulate an 8-hour
operating shift for a complex mili
with a large raw materialiproduct mix.

The following discussion is di-
vided intoc three parts: (1} the DESIM
system, (2) the required inputs, and
(3) the resuiting cutput. This paper
will give the reader a general under-
standing of the system; greater detail
can be found in the DESIM user's
manual.®

*The use of trade, firm, or corporation
names in this publication is for the infor-
mation and convenience ot the reader.
Such use does not constitute an official
endorsement or approval by the U.S. De-
partment of Agriculiure or the Forest
Service of any product or service to the
exclusion of others that may be suitable.

*Adams. Edward L. DESIM user’s man-
ual. (in preparation for publication, North-
eastern Forest Experiment Station, USDA
Forest Service, Princeton, WV.}



DESIM System

A great deai of effort has gone
into making the DESiM system easy
to use. To this end, the system has
been divided into the foliowing paris:
{1y a FORMS program, (2} a DESIGN
program, {3) a SIMULATION program,
{4} two support data files, and (5) sev-
eral generated data files. The two
support files include standard ma-
chine times and rates for different
types of sawmill equipment and lum-
ber grade information (Hanks 1973;
Hanks et al. 1980) used to assign
lumber grades to the boards pro-
duced. The generated files include
up to five raw material data files that
are suppiied by the user if actual log
and/or bolt information is used as
input. The generated data files also
include a sawmill data file and a
GASP data file produced by the de-
sign program. Figure 1 shows the
interaction of these various parts.

To itiustrate how the DESIM sys-
tern works, each program and its
relationship to the different data files
will now be discussed.

FORMS Program

The FORMS program produces
the data sheets necessary to set up
an entire milling situation. Of the 22
different types of data sheets avail-
able, the user can specify the ones
wanted and the quantity of each. This
is much more efficient than providing
blank forms that must be filed and
then copied when needed. The pro-
gram provides data sheets for: (1) raw
material inputs, (2) machine center
information, (3} conveyor and surge
deck (buffer) systems, {4) material
processing instructions, and (5) ma-
terial routing instructions. A user’'s
manual provides instructions for
filling out these data sheets. The
systematic approach used in the
data sheets and the user's manual
reduces the difficulty of setting up
a sawmill system, even for a very
compiex situation. Once the data
sheets have been filled out and the
raw material data files created (if
needed), then the DESIGN program
is run.
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RAW MATERTAL
(WHEN REQUIRED)

FILL OUT DATA
DATA FILES fe— SHEETS PRODUCED
BY FORMS PROGRAM

TIME AND RATE
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DATA FILE
(SUPPORT)

|

4
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SANMILL GASP DATA LUMBER GRADE
DATA FILE FILE DATA FILE
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Figure 1.—Flow diagram of DESIM systems.




DESIGN Program
The DESIGN pro
get the infor mm: (1) data
shaets, (2 ching times and rotes
gata tils, and {3 raw matenal data
files, when used, into tha form re
guirad by the BIMULATION program.
DESIGN is an interactive program
that asks the user questions and
solicits the answers. Most of the
answers corne directly from the data
sheels produced by the FORMS pro-
gram and filied out by 1he user. The
user is shown the standard values
in the machine timas and rates fiie,
and asked whether any of them should
be changed, If the user answers yes,
the system asks for the new values.
This guestion and answer procedure
is used both for sefting up and for
changing a sawmill systern. When the
user has answered all of the gues.
tions, the program produces the saw-
mill data file and the GASP data file
needed by the SIMULATION program.
The GASP data file containg the con-
trol information nesded by the GASP
IV simulation package.

Gram is used 10

Gt f

SIMULATION Program

Finally, the SIMULATION program
is ysed to simuiate the actual opera-
tion of the proposed sawmill system,
inputs to the program include: (1) the
sawmill data file. (2} the GASP datla
file, and (3) the lumber grade data file.
Using this information, the logs andior
bolts are ‘processed’ into the various

end producis at the specified pro-
cessing times and rates, The individ-
ual pieces are routad from machine
center {0 maching center according
1o the lengths and spesds of the
convayoers and bulfers involvad, and
the machine is shut down as in the
specified downtime information. In
this way the simulated run reflecis
the material slacks, surges, and back-
ups that would occur in the actual
mil operation, ang provides estimates
of the busy, e, blocked, down, and
purge timeas that might be expactad
for different machine centers. Purge
time as uysed here is that nonproduc-
tive tirme caused when the headrig is
shut down early to allow material to
clear the mill system by the end of
the shiff.

H, aftor evaluating the oulput for
the simulated oparation of a proposed
sawmill systom, the user wishes to
change any aspect of 1, 15 only
necessary 1o rerun the DESIGN pro-
gram, The program will ask guestions
and prompt the answers necded (o
make the changes. Once the chanyes
are made, the DESIGN prograrm pro-
vides a now sawmill data file. This
new data filg is then processed by
the SIMULATION program to provide
a new get of results. This makes i
possible for the user (o try many dif-
ferent situations in the search for the
best mill for a given raw material/
product mix.

meguired inputs

Ag mentioned in the previous
saction, the required DESIM inputls
incliude: (1) raw material information,
{2y machine center information, {3) con-
vayor and buffer information, (4) ma-
rerial processing instructions, and
(&) material routing instructions. In this
saction, the inputs will be discussed
iry greater detail.

maw Material Information

The raw material inputs canbein
tive form of actual piece data, log size
fraquency distributions, and/or bolt
size frequency distributions. Up to
five separate sets of data can be used
irr each of these categories. The al-
ioywable species include northern red
oak, black oak, scariet oak, white oak,
chestnut cak, yellow-poplar, hard
maplie, soft maple, basswood, black
cherry, beech, and yellow birch. Other
species can be used, but that would
rexciuire minor modifications to both
tihe DESIGN program and the SIMU-
LA TIHON program. 1t would also re-
gyuire changing the lumber grade
irnformation in the lumber grade data
fite,

The actual piece data includs
information such as piece number,
species code, top diameter, butt
diizmeter, and length. If the piece is a
sawlog, the standard USDA Forest
Service hardwood factory-iumber log
grade is included. However, if the log



is of subfactory class, Grade 4 is
used, And, because there are no
standard bolt grades, Grade 5 is used
for all bolts. When the togs and/or
bolts represent pieces to be processed
from long-length material, a piece
position code is also included in the
data. The five data sets allowed in
this input can be any or all of the
following types:

+ [ ong-length material to be bucked
into sawlogs

= Long-length material to be bucked
into boits

¢ Long-length material to be bucked
into both sawlogs and bolts

= Individual standard sawlogs
& {ndividual bolts

The sawlog frequency distribu-
tion data will accept a species fre-
quency distribution (in percent) for up
to five species in each of five data
sets. For each species, it will accept
a grade frequency distribution (in per-
cent) for up to four log grades. Grades
1 through 3 are the standard USDA
Forest Service log grades and Grade 4
is for subfactory-class logs. For each
log grade included in the data, log-
size frequency distributions (in per-
cent} are required for both diameter
classes and length classes.

The bolt frequency distribution
data are the same as those for saw-
logs, but bolt-grade frequency distri-
butions are not used. Each of the five
data sets will accept a species fre-
quency distribution for up to five
species. For each species included in
a sel, bolt size frequency distributions
are required for both diameterclasses
and length classes.

Machine Centers Information

DESIM allows the user to work
with sawmill systems having up to 29
machine centers, including up to five
headrigs. Within these constraints
the system can have any combination
of the following machine centers:

¢ Raw material handier (forklift and
crane)

e Bucksaw

e Debarker (all kinds)

e Headrig (circular, band, Scragg,
and gang)

= Headrig wivertical edger {circular
and band)

« Edger (standard and combination)

= Resaw (gang, centerline, and line-
bar

« Special products station

s Trimsaw

e Greenchain

= Chipper

= Transfer station (cross transfer
chain from conveyor to conveyor)

The special product station listed
above can be used to simulate any
process that produces products by
cutting boards or cants into shorter
pieces, such as half-headers used in
coal mines.

For each of the above machines
used in a design, the appropriate time
andfor rate information is required.
This information includes:
= Material loading time
e Material turning time
e Material processing time or rate

e Machine downtime

Depending on the machine, these
times are representied by lognormal
frequency distributions, time per sur-
face area, or fixed time. Processing
rates are in feet or inches per minute.
The machine time and rate data file
has this information for many of the
machines. However, if this informa-
tion is not available in the data file for
a given machine, or the user does not
wish to use the available information,
the user must provide it. The user's
manual gives the necessary instruc-
tions.

Conveyor and Buffer information

DESIM can handle almost any
conveyor and buffer layout the user
might want. A buffer, as mentioned
earlier, is a surge deck used to store
material just ahead of a machine
center. Each buffer can receive ma-
terial from any number of conveyors
and/or machine centers. Up to four
buffers can feed a given machine
center. Each conveyor can receive
material from any number of machine
centers. Material can be cross trans-
ferred from one conveyor to another.
And, a merry go-round conveyor-buffer
system can return material for multi-
ple passes through a given machine
center.

Material Processing Information

To simulate the sawing of logs
and bolts, DESIM uses a sawing sub-
routine, a modified version of a com-
puter program developed by Airth
and Calvert (1973). This subroutine
makes a wide variety of different
sawing patterns available to the user.
Besides allowing for live sawing on a
gang headrig, it allows the following
sawing patterns to be simulated on
circular, band, and Scragg headrigs:



Circular and band headrigs:

® Live saw

e Saw around (ai)}

e Saw around to timber

e Saw ground to cant for resaw

e Saw around to Z-sided cant for
resaw

e Saw around to 3-sided cant for
resaw

= Slab around to timber (slabs to
resaw)

¢ Slab around to timber (slabs to
chipper}

s Slab around to cant for resaw (slabs
to resaw)

« Slab around to cant for resaw (slabs
to chipper)

¢ Slab around to 2-sided cant for
resaw (slabs to resaw)

e Siab around to 2-sided cant for
resaw (slabs to chipper)

¢ Slab around to 3-sided cant for
resaw {siabs to resaw)

e Slab around to 3-sided cant for
resaw (slabs to chipper)

Scragg headrig:

* Saw timber (slabs to resaw)

e Saw timber (slabs to chipper)

* Saw cant for resaw (slabs {o resaw)
s Saw cant for resaw (slabs to chipper)

» Saw 2-sided cant for resaw (slabs
to resaw)

» Saw 2-sided cant for resaw (slabs
to chipper)

For each of these sawing pat-
terns that will be used, the designer
must enter such information as: {1)
minimum allowable hoard iength.

(2) required saw kerfs, (3) rough board
thicknesses, (4) nominal board thick-
nesses, (5} allowable board widths,
(&) allowable cant or timber thick-
nesses, and (7) allowable cant or
timber widih.

Up to 100 sawing patterns can be
specified for each headrig in the saw-
mill system. The simulator selects the
proper sawing pattern for a given
sawlog or bolt based on controls set
up by the user. These controls are
based on raw material species, grade,
and size. Also, within a given species,
grade, and size of raw material, the
controls can select a sawing pattern
on a sequential basis or a percentage
basis. For example, three different
sawing patterns can be set up for
Grade 3 red oak logs greater than 16
inches in diameter. If a sequential
basis is used, the simulator selects
the first sawing pattern, then the
second, then the third, and then back
1o the first as logs meeting the stated
criteria are to be processed. If a per-
centage basis is used, the sawing
patterns are based on the percentages
entered by the user. There is enough
flexibility in these instructions to
allow for realistic simulation of many
different processing proceduras.

Material Routing information

DESIM allows complex routing
of material through the simulated
sawmill system. The routing is con-
trolled by criteria entered by the user
during the design phase. These cri-
teria include such factors as material
type, species, grade, width (or diam-
eter), thickness, and length. Material
meeting given criteria can also be
sent {o one of as many as three sepa-
rate machine centers on a: (1) priority
basis, {2) sequential basis, or (3) per-
centage basis. An example of routing
on a priority basis would be a 6- by
8-inch red oak cant sent to a gang
resaw except when the resaw is down
or its buffer is full. Then the cant is
sent to the next designated machine
center. Routing on a sequential or
percentage basis would be similar {o
the process discussed above for
picking sawing patterns.

This routing procedure allows for
realistic passing of material from
machine center to machine center. it
also allows DESIM to simulate the
decisions made in actual sawmill
operations when material surges and
blockages affect the flow of material
through the system.



Resulting Output

if the input information accu-
rately reflects the characteristics of
an existing or proposed system,
DESIM should realistically simulate
its operation. in other words, the
output will indicate what can be ex-
pected from the sawmill when it is
processing given raw materials into
specified products. There is enough
information in this output to tell haw
well a new or modified mill can be
expected to perform. Given the ease
and relatively iow cost of obtaining
this output for different mill designs,
the user can thoroughly investigate
a wide range of possibilities before
selecting the best one for a given
situation.

The DESIM output can be divided
into three categories: (1) raw material
summary, (2) machine statistics, and
(3) product yield summary. The fol-
lowing discussion provides a more
detailed look at these outputs.

Raw Material Summary

For sawlogs processed through
the design mill, this summary shows
the percentage of each species.
Within a species. it shows the per-
centages by log grade. And within

each log grade, it shows the frequency
distributions by both diameter and
fength classes. The summary is the
same for boits, but boits are not
graded. Table 1 shows an example of
this summary for hard maple sawlogs.

This output serves two purposes:
First, it allows the user to determine
that the raw material processed dur-
ing the simulation run reflects theraw
material information entered as input;
and second, when kept with the other
results, it provides a record of the raw
material used to obtain those resuits.

Machine Statistics

For each machine center used in
the design, this cutput provides:

¢ Productivity in Mbf (thousand board
feet) per hour, Mft* (thousand cubic
feet) per hour, or tons per hour

e Products, by type, showing number
of pieces and volume

= Busy, blocked, idie, down, and
purge time by number of occur-
rences, amount, and percentage
of total operating time

= Conveyor and buffer utilization by
length and percent
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Table 2 shows an example of this
output for a circular headsaw. Notice
in the example that three different
productivity values are given: {1) max-
imum, {2) no down time, and (3} in this
system. The “maximum’ productivity
shows what could have been expected
if the machine had produced during
the total operating time. The “no
down time” productivity shows what
could have been expected if the ma-
chine had had its normal blocked,
idie, and purge times but no down
time during the total operating time.
And the *“in this system” productivity
shows the actual productivity of the
machine in the design system. This
information not only shows the user
how well the machine did in the sys-
tem, it also indicates the possibility
for improving productivity.

Also in the example (Table 2), you
will notice a zero length and zero
utifization for the conveyor. This
shows that there was no conveyor
between the headrig and the machine
center sending logs o the headrig.
In other words, that machine was
sending the logs directly to the buffer.

Product Yield Summary

This output provides product
yield tables related back to the pri-
mary breakdown machines. Fach
table provides the following informa-
tion by log or bolt diameter class:
e Number of logs or bolts processed
e Scale volume {(international Y -inch)
e Tally volume
¢ Percent overrun
e Cubic volume
e Lumber recovery factor

e Percent yields by lumber grades,
special products, and timbers

Table 2. An example of machine statistics for a circular headsaw
Eguipment Information

Equipment MNo. 4 (Circular Headsaw)
Productivity:

1.38 M bf/hour {(maximumy}
1.29 M bifhour (no down time)
1.27 M bfihour (in this systemy

Products:
Number of pieces:
Lumber 1,194
Siabs 432
Total 1,626
Time:
Number
Busy 1,518
Blocked 0
idle 1
Down 15
Purge 1
Total
Conveyor utilization:
Type
code
Conveyor
(3, 4 1
Buffer utilization:
Type
code
Buffer
(3, 4} 1

Volume:
L.umber
Minutes Percent
443.19 92
0.0 o
1.99 0
29.00 6
081 1
480.00 100
Length Utitized
{ft) (ft) (%)
0.0 0.0 0.0
L.ength Utilized
(ft) {ft) {%)
21.6

20.0

108.0

10,184 bf tally
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For each primary breakdown
machine, yield tables are presenied
by species, log grades, and bolts. A
yield table is ajso presented for each
primary breakdown machine with all
species, log grades, and bolts com-
bined. And finally, a summary yield
table is presented for all logs and
bolts processed through all primary
breakdown machines. Table 3 shows
an example of a yield table for Grade
3 hard maple sawlogs processed on a
circular headsaw.

The product yields were shown
in this manner 1o allow the user to
check them against published yieids.
In this way the user can be assured
that the simulated resuits are within
reason. In designing a new mill or
planning modification of an existing
mill, this comparison wili make it
easier to show that the simulated
resuits for the mill are realistic.



Discussion

The best hardwood sawmill for a
given location must be determined by
the available raw materials and prod-
uct markets. However, in this age of
rapid changes, a manager may wish
to build or modify a mitl to handle
a wider range of raw material and
product mixes more efficiently, This
makes designing or planning the
modifications of a mill much more
difficult. The DESIM system can be
a valuable tool in this process.

DESIM can handie large complex
sawmill situations. The many sawing
decisions made by head sawyers can
be simulated. And the material pro-
cessing and routing decisions made
by the other machine operators to
produce and route a wide variety of
different products are no problem for
the system. In other words, the DESIM
system can be used to design and
simuiate the operation of almost any
hardwood sawmilling situation the
user wishes o consider.

Although the system is complex,
the procedure used to set up and
simulate the operation of a sawmiil-
ing situation is relatively simple. This
procedura aiso makes i easy to
change the sawmilling situation and
obtain new simulated results. There-
fore, at a relatively low cost and with
little time and effort, the user can
ook at many different situations and
pick the sawmill design that best fits
a given range of raw material/product
mix situations. This not only guaran-
tees an eftficient mill for the money,
but reduces the possibility that costly
modifications will be needed in the
future.

Copies of the program may be
obtained from the Forestry Sciences
Laboratory, Northeastern Forest Ex-
periment Station, P.O. Box 152, Prince-
ton, WY 24740.
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