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A PROGRAM AND DOCUMENTATION
FOR SIMULATION OF A TRACKED
| FELLER/BUNCHER

Sharon A. Winsauer, Computer Specialist,
Houghton, Michigan

Computer modeling of forest harvesting systems
has many applications, each requiring a different
approach to simulation. Simulations range from
technical descriptions of machine components for
improving equipment design to overviews of major
systems for estimating large-scale changes in pro-
ductivity. Forestry Sciences Laboratory personnel at
Houghton have been involved for the past several
years in developing harvesting simulators for use in
" forest engineering research (Bradley et al. 1976,

Bradley and Winsauer 1976, 1978, U.S. Department
of Agriculture Forest Service 1978).
. The purpose of this paper is to present a computer
“model and documentation for a tracked feller/bunch-
er (fig. 1). The model was developed to provide a
detailed study of this machine’s operation in the
- woods during harvesting operations. It allows the
user to identify productive and unproductive condi-
tions, to experiment with ways of increasing machine
efficiency, to predict the effects of system changes,
and to determine harvest costs for various types of
stands and conditions.

' THE EQUIPMENT STUDIED

"The feller/buncher is a tracked vehicle with a
'shear mounted on the end of a rotatable hydraulic
boom. The shear head can either sever and bunch

" single stems or accumulate several stems at once.
The boom enables the feller/buncher to shear trees up
to the boom’s maximum reach while maintaining a
fairly straight path through the woods; cutting a
strip for thinning or in working the face of a clearcut
stand. :

' MODEL OBJECTIVES

The model was designed to study the productivity
and operation of the feller/buncher in the woods. In-

put required includes data on the machine’s operat-
ing characteristics, the stand itself, and the type of
harvest to be carried out.

Model output includes productivity figures such as
number of trees, weight and volume harvested per
hour or load, number of total cycles (accumulator
head loads), number of trees per cycle, total distance
traveled, and skid bunches completed.

Additional output includes details of the woods
operation, distribution of cycle times, distances,
number of trees per bunch, size of skidder bunches,
and frequency and length of delays.

Figure 1.—Tracked feller/buncher.

)



SIMULATION LANGUAGE
, —GPSS

The simulation is written in General Purpose Sim-
ulation Language (GPSS), with cutput subroutines
“written in FORTRAN. GPSS is a discrete-event sim-
ulation language developed by IBM (Schriber 1974).
The user constructs a block diagram by arranging the
discrete events of a system in their logical structure.
The block diagram is made up of a group of specific
GPSS block types, which then become the GPSS pro-
gram. A basic understanding of the GPSS language
allows the user to accurately interpret or modify the
simulation. '

Most_ versions of GPSS have a standard output
format that concisely presents the data. The FOR-
TRAN subroutines are used to present important
output values in an organized, labeled form.

MODEL ASSUMPTIONS

The basic time unit used in the model is a “centi-
minute”— that is, 1/100 of a minute. The feller works
one shift a day for the number of days chosen by the
‘user. All volume measures are in 0.01 cu. ft.

The feller/buncher is assumed to operate far
enough in advance of the skidder to minimize inter-
actions between machines. To simulate a “hot” log-

. _ ging operation, this model can be combined with a

complete skidding-chipping or skidding-loader
model. Another alternative would be to add a “black
box” skidder segment, a simplified segment used to
create the machine interactions without a detailed
study of the skidder operation.

Since an efficient skidder load usually contains
more trees than the shear can hold, the fellerbuncher
may shear and drop several loads at one location to
create the skidder bunch.

The following assumptions are made about the
‘feller/buncher’s behavior:

1. The machine has an accumulating shear. (The
model can easily be changed to single-head shear).

2. The feller/buncher travels in a relatively
straight row, either along the edge of a clearcut or
down a thinning strip, harvesting all trees within
reach that are scheduled for cutting. At the end of the
strip, it travels through the woods to the next strip,
~ then returns along that strip toward the landing (fig.

2). -
- 3. If there are no more trees within the feller’s
reach, the bunch it was working on is considered

complete and the feller must move forward— it does
not back up.

4.If a bunch is not started at a given location (only
one accumulator head load has been cut), the feller
will carry the trees in the shear head to the next
location. (Exception: if the end of the row (strip) has
been reached, the feller will drop the load there be-
fore traveling to the next strip.

5. The feller/buncher can quit for the day or stop for
abreak only after completing a bunch for the skidder.

6. Mechanical and nonmechanical delays are in-
corporated into the model. For ease of programming,
they are assumed to occur after the feller/buncher
drops the current load of trees.

MODEL DESCRIPTION

The model consists of two GPSS segments: (1.
Timer segment, 2. Feller/buncher segment) and
two FORTRAN subroutines for easily read output. A
complete variable list, program listing, and flow
charts are contained in Appendixes A, B, and C.



The Timer segment (fig. 3) controls the daily
schedule, keeps track of the days worked, and sends
"information to the subroutines. The Timer signals
the start of the day, the rest breaks and the lunch
break (two 15-minute breaks a day and ¥z hour lunch
break are assumed), and the end of the workday. The
Timer then completes the 24-hour day and produces
a report of the previous day’s operation and produc-
tion. Output is produced at.the end of 24 hours— not
at the end of the shift— to include the time needed for
the feller to complete the bunch being worked on
‘before quitting for the day. If the required number of
days has been simulated, the model shuts off. Other-
wise the start of another work day is signaled and the
process continues.

TIMER SEGMENT - OVERVIEW

CREATE
TIMER

'y

COUNT
DAYS
WORKED

TO START

TELL FELLER :]
WORK

)
HATCH UITTING TELL FET"TLER
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TIME
BREAK
] TIME . }
TELL FELLER WAIT
IT IS BREAK ___] UNTIL
TIME MORNING
Y

REPORT
ON
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END RUN

Figure 3.—Overview of the timer segment.

The Feller/buncher segment (fig. 4) simulates a
tracked feller/buncher with a boom-mounted shear.
This boom enables the machine to remain at a har-
vesting station while it shears and bunches trees
within a radius of 20 feet, (the radius depends on the
stand and the harvesting treatment as well as on the
physical reach of the boom).

The feller is assumed to move into the woods, cut
one or more trees, then drop them to one side to form a
bunch. After all the trees to be cut at that location are
processed, the feller moves to the next set of trees and
repeats the process.

INPUT DATA

GPSS accepts description data in several forms
(see table 1). For additional information on data
types and card formats, see Appendix D or a GPSS
Programming Manual (Schriber 1974).

Most of the data required by this program are
needed in the form of VARIABLES. VARIABLES
can be defined in terms of the other input types (Ap-
pendix D), thus allowing the user flexibility of input
data without card shuffling in the main body of the
program. For example, a shear-time change from a
constant (SAVEVALUE) to a distribution (FUNC-
TION) can be accomplished by simply redefining the
shear-time VARIABLE.

The major exception to this convention is the use of
SAVEVALUES (constants) for the summary values
(average stand d.b.h., average tree height, etc.) that
are used simply for output information.

[

DATA REQUIRED BY MODEL

Four types of data describing the equipment and
harvesting operation must be supplied to run the
simulation: (1) stand data (table 2); (2) machine data
dependent on stand conditions (table 3); (3) machine
data independent of stand conditions (table 4); and (4)
simulation run control data (table 5).

The sample output presented in this paper re-
sulted from running the simulation with the input
data in tables 2-5. These data were gathered from
time studies carried out during actual logging opera-
tions. Although the data in the tables may not repre-
sent the operating characteristics of the feller/
buncher under all conditions, they do present a rea-
sonably accurate picture of its performance in a stand
of this type (table 2).



FELLER BUNCHER SEGMENT - OVERVIEW
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Figure 4.—OQverview of the feller/buncher segment.

* SIMULATION OUTPUT

The simulation run produces two pages of labeled
output for each day of the run (figs. 5 and 6). These
. pages contain a summary of the stand data and a
cumulative productivity report. Additional output,
with complete run details, is produced at the end of
the run by the GPSS processor.
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The first page of standard output (fig. 7) presents a
simulation “map” listing all the blocks in the model
and the number of transactions that have moved
through each block. This is of primary value while
debugging the model. The listing of the QUEUE sta-
tistics provides detailed information on how the
feller/buncher spends its time in the woods. The
SAVEVALUE list contains all the totals necessary to
calculate productivity if the FORTRAN subroutines



Table 1.—GPSS Data input forms

_ Input data type Input form in GPSS Example
Simple averages Initialized SAVEVALUES Ave. d.b.h. = 6 in.
or constants.
Range of values Initialized SAVEVALUES Shear time 10 to 14 centi-min.

for mean and one-half 12 + 2 centi-min.

o width of interval
Equations -

VARIABLES Vol. = .13 d.b.h.2- .28
Frequency FUNCTIONS D.b.h.(in.) 4 |5]6]|7]8
distributions- percent trees 23253 |15]5
- Mean and variance for SAVEVALUES and Wait time is normally
a standard distribution FUNCTIONS for the distributed with
such as normal, Poisson distribution mean = 10
Exponential, etc. variance = 9
Table 2.—Stand data
- Form required
Data required Case study by program Name
Ave. stand diameter 5.5 in. d.b.h. SAVEVALUE X$AVDBH
Ave. stand -volume 3,450 cu. ft./acre SAVEVALUE X$AVVOL
‘Ave. tree height - 43 ft. SAVEVALUE XSAVHGT
~Ave. trees/acre 844 trees/acre SAVEVALUE X$TRPAC
* Strip length - 725 ft. VARIABLE VSSTPLN
Distance between strips 35 ft. SAVEVALUE XSMVSTP
Wood density 55 Ib./cu. ft. SAVEVALUE XSLBCFT
* . Hours in daily work ‘
shift 8 hrs. SAVEVALUE XSWKDAY
Actual tree diameters Diameter distribution: . VARIABLE VSTDIA
‘ D.b.h.(in.) 3| 4|5]6| 7|89
percenttrees 5 |23 (30 [24 [14] 3|1
Tree volume Volume of trees (cu. ft.): VARIABLE VSTVOL

Volume = -0.283 + .0031 (DBH?) tree ht.

= -0.283 + 0.133 (DBH?)
assuming tree ht. = 43 ft.

cannot be used. For example:
FBHR = 4020 = feller hours x 100
FBTRE = 6663 trees cut
6663/40.2 = 165.75 trees/hr.

Additional details of the woods operations are
provided by the output tables (figs. 8-10). The cycle
time table (cycle time starts after the feller/buncher
drops one load and ends when it drops the next) shows
there were 2,667 cycles with an average cycle time of

79 centi-minutes. Of all cycles, 209 cycles or 7.8 per-
cent took between 100 and 125 centi-minutes.

It should be noted that all of the output is based on
random processes in the model. Therefore, the output
data are themselves random, only a sample of what
could happen. If the model is run again with different
random numbers, the results will be different. An
average over several days or several runs is the best
estimate of an actual system.



Table 3.—Machine data dependent on stand conditions

‘ Form required
Data required Case study by program Name

Number of trees within Distribution: trees in head VARIABLE VSREACH
reach of accumulator

head from a given  Number of trees _ 2-4 4-6 6-8 [ 10-12 | 12-16 | 16-18
_ location percent time 3 7 10 20 20 8
' ‘ Number of trees _18-20 [ 20-22 | 22-24| 24-26 | 26-30 | 30-38
percent time 7 6 5 4 5 5
Distance feller must Distribution: feller travel VARIABLE V$FBMOV
move to be well
positioned to cut ft. 0-5 | 5-10 | 10-25 | 25-35 | 35-50
next set of trees percent time 10 15 30 | 20 10
ft. 50-60 | 60-90 | 90-120
percent time 5 5 5

FULL TREE FIELD CHIPPING SIMULATOR

eataed. PERERY bbem it canatite

NORTH g
FORES?T ERVICE, U PY, 0

FOREST PRODUCTS MARKETING ANo‘Nng#ngvxon PROJECT, DULUTH, MINNESOTA
FOREST ENGINEERING LABORATORY, HOUGHTON, MICHIGAN
AUTHORS
ENNIS P, BRA NQMIST
sPENBR A W TNSRbER: BROERNASER

I. STAND CHARACTERISTICS,

$480,00 CU FT, AVERAGE VOLUME PER ACRE,
5,50 INCHES, AVERAGE DBM,
43,00 FEET, AVERAGE TREE HEIGHT,
884,00 AVERAGE NUMBER OF TREES PER ACRE,
7,02 FEET, AVERAGE TREE S8PACING,

11, SYSTEM CHARACTERISTICS AS SPECIFIED BY THE ANALYST,
Ay FELLER=BUNCHER, 1 MACHINE TRACKED TYPEeROTATABLE BOOM WITH ACCUMULATOR SHEAR
MACNINE LIMITATIONS
THWE ACCUMULATOR®SHEAR WILL TRY TOsOBTAIN A LOAD OF UP TO 4,0 TREES
BUNCH LIMITATIONS DICTATED BY SKIDDER CAPACITY:
THE FELLEReBUNCHERS TRY TO ACHIEVE SKIDDER BUNCHES WITH A TOTAL SUM OF DIAMETERS EGUAL TO 120,0 INCHES

Figure 5.—Simulation output: system and stand characteristics.

KNOWN GPSS SYSTEMS run under most GPSS Processors with only minor

. ‘ ' changes. The following should be checked for your
DIFFERENCES change

The program listed in Appendix B is operational INITIAL cards— In GPSS-X8 the INITIAL cards ap-

on a UNIVAC 1110 under an implementation of pear last in the deck. They should be moved to the

GPSS called GPSS-X8, which can be obtained from front of the deck for most other GPSS processors.

Use Program Library Interchange (UPLI). It should Job control cards— These are unique to each com-

.6



Table 4 —Machine data

Form required

Case study by program Name
Travel time Travel speed: VARIABLE = VS$FBTRAV
(based on distance)  mean 49 ft./min.
s.d. 19 ft./min.
Shear time per tree Distribution: shear time VARIABLE  VS$FBSHR
time. (centi-min.) _0-10 | 10-20 |20-30 | 30-40
percent of cuts 29 39 21 8
time (centi-min.) _40-50 | 50-60 |60-70 | 70-90
percent of cuts 1 1 5 5
Drop and bunch time  Distribution: drop and bunch time VARIABLE V$FBDRP
per load - ‘
time (centi-min.) _1-10 | 10-20 | 20-30 | 30-40
percent of cuts 3 67 15 3
time (centi-min.) _40-50 | 50-60 | 60-70
: percent of cuts 1 5 .5
Number of trees per Distribution: trees/accumulator head load VARIABLE ~ V$ACCLM
accumulator load .
number of trees 1 | 2] 3] 4|5
: percent loads 2 | 23| 28 | 17 | 10
Maximum size of 120 in. VARIABLE  V$BUNLM
skidder bunch FB
- tries to create
(total sum
of d.b.h.)
~ Gal./hr. fuel used 5.5 gal./hr. SAVEVALUE  X$FBGPH
- Length of nonmechan-  Distribution of nonmechanical delays (min.) VARIABLE = VSNMDLY
-ical delays/cycle
- (including cycles length of delay 0 15 | .25 | .35 | .40 .50 |.75
with zero delay) percent of cycles 98.5 | .2 2 2 |1 (1],
length of delay .80 1.0 | 2.0 | 3.0 |4.05.0
. percent of cycles 3 3 A 1] 1] 1
Length of mechanical Distribution of mechanical delays (min.) VARIABLE ~ V$MCDLY
delays/cycle
(including cycles length of delay 0 | 5 [1.0]15]20]25]5.0
with zero delay) . percent of cycle 99 A A Al Al 1] A
: length of delay 10.0 |20.0 | 30.0 | 40.0
percent of cycle A A A A

puter iab, and must be obtained locally.

HELP BLOCKS—In GPSS-X8, HELP blocks (lines
" 65-80 in the program) are used to pass an array of
up to five integer values to a FORTRAN subrou-
tine. Only a one-way transfer is permitted; i.e., the
“subroutine cannot pass arguments back to GPSS.
Some versions of GPSS do not allow HELP blocks.
In such cases the program can be run without lines 48
to 80; these data can instead be obtained from the
standard output. If some form of HELP blocks are

allowed, their format and the subroutines may have
to be changed. See the GPSS manual for your com-
puter installation.

SENSITIVITY

Table 6 presents the results of a preliminary study
of the model’s sensitivity. The model was run to fit



Table _5.¥—Simulation run control

Form required
Data required Case study by program

Random number generators Random number use RMULT CARD
1—used by GPSS scheduler
2—Shear time and drop time distribution
3—trees in reach and distance to move
distributions
4—d.b.h. distribution
5—not used
6—delays distribution

Number of days , 5 days START CARD

Standard output every 5th day

FELLER=BUNCHER PRODUCTION AND COST SUMMARY

RN AR RN R RN AN AR AN R R AP RN A A R AR NI AR A AN R AN RN R R AR AR AN RN N ARAR AR AR A AN AR R AR AR R ANARNARNRRANR RS

1, A, 40,20 HOURS WORKED BY FELLER=BUNCHER(S) INCLUDING
298,22 MINUTES OF PERSOMAL BREAKS,
213,36 MINUTES MECHANICAL CELAY,
26,67 MINUTES NONeMECHANICAL DELAY
8, 1 FELLER=BUNCHER, TRACKED TYPE=ROTATABLE BOOM WITH ACCUMULATOR SHEAR
11, A, 2667 TOTAL ACCUMULATOR CYCLES COMPLETED = ALL MACHINES,
2,50 AVERAGE NUMBER OF TREES PER CYCLE.
9,13 AVERAGE VOLUME PER CYCLE = CU,FT,
B, 481 BUNCHES COMPLETED
13,85 AVERAGE NUMBER OF TREES PER BUNCH,
5,54 AVERAGE NUMBER OF CYCLES PER BUNCH,
50,63 AVERAGE VOLUME PER BUNCH = CU.FT.
C. 6663 TOTAL TREES FELLED,
D, 24354,2 TOTAL VOLUME FELLED = CU.FT,
Es 669,74 TOTAL TONS FELLED
Fo 13934 TOTAL DISTANCE TRAVELED = FEET
111, A, 66,34 AVERAGE NUMBER OF CYCLES PER MACHINE HOUR,
8, 11,97 AVERAGE NUMBER OF BUNCHES COMPLETED PER MACHINE HOUR,
Ce 165,75 AVERAGE NUMBER OF TREES FELLED PER MACHINE HOUR,
D, 605,83 AVERAGE VOLUME FELLED PER MACHINE HOUR,
E, 16,66 AVERAGE NUMBER OF TONS FELLED PER MACHINE HOUR,
Fo 346,62 AVERAGE DISTANCE TRAVELED PER MACHINE HOUR « FEET,
IV, A, 221,10 TOTAL GALLONS OF FUEL USED BY THE FELLER=BUNCHER,
5,50 GALLONS PER HOUR,
33 GALLONS PER TOM,
o9 GALLONS PER CUNIT,

Figure 6.—Simulation output: productivity.
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Figure 7.—Simulation output: standard GPSS form.

actual data as closely as possible. Then one parame-
" ter at a time was varied and the effect on productivity
noted.

These sensitivity figures can be used (1) to give
some indication of the accuracy required for the input
data (the greater the sensitivity the more accurately
that parameter should be specified), and (2) to give an
indication of what factors should be further exam-
ined for their impact on the machine’s productivity.

It should be noted that even parameters which did
not show major changes in productivity at the levels
of change examined could have larger effects when
changed to a greater degree or when combined with
other changes. In all cases, the better the input infor-
mation, the more accurate the output data will be.

CONCLUSION

With the proper choice of input variables, the
simulation model can be used to study productivity of
feller/ bunchers under a variety of stand or harvest-
ing conditions. It is possible to study the effects of a
change in just one parameter or the effects of many
changes at the same time. This model can also be
combined with a model of skidding and chipping op-
erations to provide productivity information for
whole-tree systems.

Perhaps the greatest value of a GPSS model is the
ease by which it can be modified to suit the exact
requirements of a harvesting system. Although this
requires some knowledge of GPSS, it makes simula-
tion an extremely valuable tool.
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Figure 10.—Simulation output: productivity tables (III).
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Table 6.—Sensitivity of the simulation
Productivity
Etfect

Change in

run parameters Tons/hr.

Standard run 16.66
Decrease shearing time 17.48 Increase 5 percent
by 10 percent =
Decrease swing & drop - 16.84 (")
time by 10 percent
Increase travel speed 16.70 (")
by 10 percent
Increase average number  17.82 - Increase 7 percent
of trees in accumulator
head load from 2.5
to 3.5
Increase average number  16.72 ()
of trees within reach
from 14 to 16
Increase average d.b.h. 23.94 Increase 43 percent
by 1 inch
Increase frequency of 14.64 Decrease 12 percent

mechanical delay from
1 percent to 2 percent
of -the cycles

'No major change in productivity observed for this level of change in
parameter. ’ :
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APPENDIX A

VARIABLE LISTS AND
DEFINITIONS

Deﬁnitions

IMPLICIT TIME UNIT— Centi-minute
MODEL SEGMENTS, TRANSACTIONS, AND PA-
RAMETERS

Segment 1—timer

Transactions—1 time keeper
Parameters—NONE

Segement 2—feller/buncher
 Transactions—feller/buncher

Parameters

P1—not currently used.

P2—clock time marking start of cycle.

P3—next location of feller/buncher (distance
in feet from the beginning of this strip or

~ TOwW).

P4—current location of feller bunches (dis-
tance down strip in feet).

P5—tree number being cut.

- P6—limit for trees in accumulator head (num-

ber of trees).

. P7—maximum size of skidder bunch at-

tempted (sum of diameters).

P8—diameter of current tree.

P9—distance feller/buncher must travel to
next set of trees.

P10—number of trees currently within reach
of boom.

Pll—actual sum of diameter of accumulator
load.

- P12—total volume in accumulator head.

P13—number of trees in load.

Functions

ACCLM Distribution of the number of trees in ac-

" DBH
FBDRP
FBMOV

" FBSHR
MCDLY

x4

cumulator loads.

Distribution of diameters in the stand.
-Distribution of drop times.

Distribution of the distances feller must
move to reach more trees.

Distribution of shear times.
Distribution of mechanical delay times in
each cycle (including cycles with zero
delay).

NMDLY

REACH
SNORM

ACLM1
AVDBH
AVHGT
AVVOL
BNCOM
BNDIA

BNDIF
BNLM1

BNLOC
BNTRE
BNVOL
BRKTM

DAYS
DBH

DELNM
DELYM

FBACC

FBDIS

FBGPH
FBHR

FBOUT

Distribution of nonmechanical delay
times in each cycle (including cycles with
zero delay).

Distribution of trees within reach from a
random spot.

Distribution used to obtain a normal dis-
tribution for sampling with a mean = 0,
variance = 1. Lower end truncated.

Savevalues

Mean accumulator head limit (number of
trees).

‘Mean stand diameter (inches x 100).
.Mean stand height (feet).

Mean vol./acre (cu.ft. x 100).
Number of skidder bunches complete and

- ready for skidding.

Sum of diameters of trees in the bunch
(mches)

Distance between bunches (feet).

Limit for skid bunch size— maximum sum
of diameters.

Location of bunch (distance from end of
strip).

Number of trees in a bunch.

Volume of bunch (cu.ft. x 100).

Total time spent on breaks (centi-min-
utes).

Number of days worked.

Diameter breast high (d.b.h.) of current
tree (inches).

Total time lost to nonmechanical delays
(centi-minutes). ‘

Total time lost to mechanical delays
(centi-minutes).

Total number of feller/buncher accumula-
tor loads.

Total distance feller/buncher has traveled
(feet).

Feller/buncher fuel usage (gal./hr.).
Total time feller has worked (hours X
100).

Distance feller travels to get to the woods
(feet).



FBTIM

FBTRE
FBTYP

FBVOL
FTRV1
FTRV2
LASTB
LBCFT
_ MVSTP

NUMFB
STPLN -
STRIP
TRPAC
WKDAY

COFFE
DAY

. FBMOV

LUNCH
STRIP

ACCTR
ACCVL

BDIA
BDIF -
BLOC
BTREE

BVOL
FBTIM -

Total time feller has been on job (minutes

- x 100).

Total trees cut.

Feller/buncher type; tracked = 0, rubber-
tired = 1.

Total volume cut (cu.ft. x 100).

Mean travel speed (ft./min.).

- Standard deviation of travel speed.

Location of last bunch.

Density of plot species (Ib./cu. ft.).
Distance feller/buncher travels between
strips.

Number of feller/bunchers on the job.
Length of strip or row (feet).

_Number of strips harvested.

Mean stand density (trees/acre).
Length of work shift (hours).

Switches

Set by timer to indicate coffee break.

‘Set by timer to indicate beginning of work

day.

Set by feller when he must move (no more .

trees in reach).

Set by timer to indicate lunch break.
Set by feller/buncher when he has cut the
last tree of current strip.

Tables

Trees per accumulator load.

Volume per accumulator load (cu.ft. X
100).

Sum of diameter of trees in a skid bunch
(inches). '
Distance between bunches (feet).

Bunch location— distance down strip
(feet).

Number of trees in skidder bunch.

- Volume per skidder bunch (cu.ft. x 100).

Cycle time for feller/buncher, from drop to
drop, including delays (centi-minutes).

BREAK
DROP
FBSHR
FBTRV
MCDLY
NMDLY

ACCLM
BNDIF

BREAK
BRKTM
BUNLM
DELNM

DELYM
FBDRP
FBHR
FBMOV

FBSHR
FBTRV
MCDLY

NEXTY

~ NIGHT

NMDLY
REACH

SPEED
STEND
STPLN
TDIAM
TVOL
WKDAY

Queues

Coffee and lunch break time.
Swing and drop time.
Position and shear time.

All travel time.

Mechanical delays.
Nonmechanical delays.

Variables

Accumulator head size limit (number of
trees).

Calculate distance between bunches
(feet).

Time between breaks (centi-minutes).
Time spent on breaks (centi-minutes).
Skidder bunch limit (sum of diameter).
Nonmechanical delay time (centi-min-
utes).

Mechanical delay time (centi-minutes).
Swing and drop time (centi-minutes).
Total hours worked.

Distance feller/buncher must move to put
more trees in reach (feet).

Shear time (centi-minutes).

Travel time (centi-minutes).

Length of mechanical delay (centi-min-
utes).

Next harvesting location down strip =
current position + 95 percent distance
traveled (allows for travel not in a straight
line).

Remainder of 24 hours after work shift
(centi-minutes).

Nonmechanical delay time (centi-min-
utes).

Number of trees within reach of boom at
current feller/buncher position.

Travel speed (ft./min.).

Distance to the end of strip (feet).
Length of strip or plot (feet).

Tree diameter (inches).

Tree volume (0.01 cu. ft.).

Length of work shift (centi-minutes).
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APPENDIX B
PROGRAM LISTING
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(Page 3 of 4)
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APPENDIX D
CARD FORMATS AND SOME GPSS INPUT TYPES

INPUT TYPES AND CARD FORMATS
~ For more detailed information see a GPSS manual.

1. SAVEVALUES

Savevalues are integers that can be accessed at
any time during the run. In the program their form is
X$NAME where NAME is the particular savevalue
of interest. '

Savevalues may be set to zero before the run
begins, or may be given an initial value, X. This is
done with an initial card of the format:

- Col. 8 19
INITIAL X$NAME, X
INITIAL X$AVDBH,5

Sets the savevalue AVDBH to 5.
Note: These INITIAL cards must follow all other
cards in the deck except the RMULT and START
cards.

2. VARIABLES

Variables are used to calculate integers anytime
‘they are called during the run; they can be defined as
algebraic equations in terms of constants, saveval-
. ues, functions, or even other variables. They must be
defined at the outset with the following card format:
Col.
2 8 19
‘NAME FVARIABLE Defining equation
TVOL FVARIABLE 133*X$DBH*X$DBH/10
_ This defines that tree volume will be calculated by
TVOL = 13.3 (DBH)
A During the simulation run, variables are called

" and computed by using VSNAME; for example:
Col.. 8 19

- TABULATE V$TVOL.

3. FUNCTIONS

Functions supply distributions to the program.
They are called in the program by FN§NAME where
NAME is the particular function of interest. There
are several types of functions available; only one
sample, a discrete function, will be given here.

Functions consist of two or more cards:
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Col.
2 8 19

NAME FUNCTION
X1,V1/.X2,V2/...

NAME is the function’s name,
RNI = one of eight random number generators
assigned to sample,

RNLDN

D = function type: discrete, continuous, list,
N = number of points in the function,
XI = percent of items in distribution at that

value or less expressed as a decimal (cu-
mulative), and
VI = value of the function.
For example, Data for function TDIA (FN$TDIA):
Percent trees

Tree diameter in size class Cumulative percent

4 15 15
5 25 40
6 50 90
7 10 100

Card image forGPSS:

Col.

2 8 19

TDIA FUNCTION RNID4

15,41/.4,5/.9,6/1.0,7.

4. RMULT and START

GPSS has eight random number generators avail-
able for use in the model. This allows use control over
the sampling from distributions, making it possible
to harvest the same stand repeatedly while isolating
the effect of a change in one of the machine parame-
ters, such as travel speed. The RMULT cards control
the start of the sequence for each random-number
generator.

The START card controls the number of days the
simulation will run and the standard GPSS output.

The card formats are as follows:

Col. 8 19
RMULT AB,CD,E
START N,,S,1

A,B,C, etc., controls the sequence for random number
generator, 1, 2, 3, etc., respectively.

N = number of days the simulation is to run, and
S = number of days between standard outputs.
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