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A PROGRAM AND DOCUMENTATION FOR
SIMULATION OF A RUBBER-TIRED
FELLER -BUNCHER

Sharon A. Winsauer, Computer Specialist,
Houghton, Michigan,
and Dennis P. Bradley, Principal Economist,
Duluth, Minnesota

Computer modeling of forest harvesting systems
has many applications, each requiring a different
approach to simulation. Simulations range from
technical descriptions of the machine components for
equipment design to overviews of large systems where
the model estimates the changes in productivity
caused by major system changes. The Forestry Sci-
ences Laboratory personnel at Houghton, Michigan,
have been developing harvesting simulators as a for-

. est engineering research tool for several years (Brad-

ley et al. 1976; Bradley and Winsauer 1976, 1978;
USDA‘ Forest Service 1978; Winsauer 1980).

 The purpose of this paper is to document a com-
puter model for a rubber-tired, frame-steered feller/
" buncher (fig. 1). The model was developed to provide
a detailed study of the machine’s operation in the
woods during felling and bunching. It allows the user
to determine cost and productivity under various stand
and harvest conditions, ways to increase machine
. efficiency, or to study the effect of changing harvest
patterns on cost and productivity Complete variable
lists, program listings, and flow charts are included
in Appendices A, B, and C.

THE EQUIPMENT STUDIED

The feller/buncher simulated is a rubber-tired
frame-steered chassis with a shear mounted on the
front. The shear accumulator can hold one or more
trees, but the machine must drive up to each tree to
fell it. ’

' MODEL OBJECTIVES

The primary objective of this model is to allow a
detailed study of the productivity and operation of
the feller/buncher in the woods. For input, the model
requires data on the machine’s operating character-
istics, the stand, and the type of harvest to be carried
out.

After simulating the harvest of a plot, the model
reports productivity figures such as: trees, tons and
volume per hour and per load, total cycles, tree per
cycle, distance traveled, and skid bunches completed.

Additional output gives details of the woods op-
eration, distributions of cycle times, distances, num-
ber of trees per bunch, size of skidder bunches, fre-
quency and length of delays, etc.

SIMULATION
LANGUAGE—GPSS

The simulation is written in General Purpose
Simulation Language (GPSS) with output subrou-
tines written in FORTRAN. GPSS is a discrete event
simulation language developed by IBM (Schriber
1974). The user constructs a block diagram by ar-
ranging the discrete events of a system in their log-
ical structure. The block diagram is made up from
a group of specific GPSS block types. These blocks
then become the GPSS program. A basic understand-
ing of the GPSS language allows the user to accu-
rately interpret or modify the simulation.
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Figure 1.—Typical rubber-tired type feller/buncher.

. Most versions of GPSS have a standard output
- format that contains allthe data in a very concise
. form. The FORTRAN subroutines are used to pres-
-ent the output values of most interest in an orga-
nized, labeled form.

MODEL ASSUMPTIONS

The basic time unit used in the model is a centi-
minute; i.e., 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 1/100 cubic foot.

It is assumed that the feller/buncher operates in
an area far enough in advance of the skidder to min-
imize interactions between machines. To simulate a
hot logging 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 providing a
detailed study of the skidder operation.

" Since an efficient skidder load usually contains

" more trees than the shear can hold, the feller/buncher

may shear and drop several loads at one location to
create the skidder bunch.

2

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

1. A feller/buncher cycle is defined as starting after
aload is dropped and ending when the next load
is dropped.

2. The machine has an accumulating shear. (The
model can easily be changed to single head shear
by limiting the accumulator load to one.).

3. The feller/buncher must move up to each tree
to shear it. It travels back and forth across a
relatively narrow strip of forest, cutting trees
marked for cutting as it encounters them, work-
ing its way along the trip until the far end of
the plot is reached. It then moves to the next
strip and repeats the process (fig. 2).

4. The feller will cut and accumulate multiple trees
before dropping them. It will drop the accu-
mulator head load when the accumulator head
is full or if the next tree to cut is too far away.

5. When the feller must drop the trees held in the
accumulator head, it will carry the load to the
partial bunch and drop the trees there. If no
partial skidder bunch has been started or if the
partial bunch is judged to be too far away, it
will drop them at the location of the last tree
cut.




Figure 2.—Feller/buncher travel pattern.

6. The feller/buncher operator can quit for the day

' or stop for a break only after dropping the trees
in the accumulator head.

7. Mechanical and nonmechanical delays for the

~ feller are also incorporated into the model. For

ease of programming, they are assumed to oc-

_cur in a cycle 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 formatted (easily
read) output.

The TIMER SEGMENT (fig. 3) controls the daily
schedule, keeps track of the days worked, and sends
. information to the subroutines to produce the for-

matted output. The TIMER signals the start of the
day, the rest breaks and lunch (two 15-minute breaks
a day and Y2-hour lunch are assumed), and the end
-of the workday. The TIMER then completes the 24-
hour day and produces an output report of the pre-
vious day’s operation and production. Output is pro-
duced 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 have been
simulated, the model shuts off. Otherwise, the start
of another workday is signaled, and the process con-
tinues.

The FELLER/BUNCHER SEGMENT (fig. 4) mod-
els a rubber-tired, frame-steered feller/buncher with
an accumulating head shear mounted on the front.
The machine must move up to each tree to cut it.

It moves through the woods along a strip but trav-
els back and forth within the strip in order to reach
the trees to be cut. The feller/buncher attempts to
create bunches large enough to be skidded econom-
ically.

DATA NEEDS

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

Most of the data required in the main program
are expected in the form of GPSS VARIABLES. These
VARIABLES are then defined at the end of the deck
in terms of the available machine and stand data.

3
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Table 1.—PSS data input forms

Input data type Input form in GPSS  Example
“Simple averages Initialized Aved.b.h. = inches
or copstants SAVEVALUES
Range of values Initialized Shear Time = 10to 14 ¢ min
SAVEVALUES =12+ 2cmin
for mean and %2
width of interval
Equations VARIABLES Volume = .13d.b.h.2 — .28
' v Frequency ' FUNCTIONS D.B.h.(in.) 4| 5/ 6| 7|8
distributions Percent trees 23[25 |3o 15| 5
Mean and variance ~ SAVEVALUESand  Wait time is normally
for a standard FUNCTIONS distributed with
distribution such for the distribution  mean = 10
as normal, poisson variance = 9

exponential, etc.

This allows the user flexibility in data form while
avoiding card shuffling in the main program For ex-
ample, changing a shear time from a constant (GPSS
SAVEVALUE) to a frequency distribution (GPSS
FUNCTION) is accomplished by simply redefining
the shear time VARIABLE and supplying the ap-
propriate cards .

The input data cards follow the VARIABLE def-
initions and are supplied as FUNCTIONS or SAV-
EVALUES depending upon the VARIABLE defini-
tion. An exception to this convention is the use of
GPSS SAVEVALUES (constants) merely for sum-
mary purposes (average stand d.b.h., average tree
height, etc.).

" Table 2.—Stand data

Four types of data describing the equipment and
harvesting operation must be supplied.

1. Stand data (table 2).

2. Machine data dependent upon stand conditions
(table 3).

3. Machine data (independent of stand) (table 4).

4. Simulation run control (table 5).

The output example presented in this paper uses
the information in tables 2 through 5 as input. These
data were gathered from time studies carried out
during Forest Service case studies. The data in the
tables are empirical, so they represent the operating
characteristics of this machine under the stand con-
ditions found during the time studies. Different har-
vest conditions may require new time study data.

SIMULATION OUTPUT

The simulation run produces two pages of for-
matted output for each day of the run (figs. 5 and 6).
These present a summary of the stand data and a
cumulative productivity report.

Additional, standard GPSS output is produced at
the end of the run by the GPSS processor and sup-
plies complete run details (fig. 7).

The first page of the standard output 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-

Data required Case study Form required by program Name
~ Average stand diameter 5.1ind.b.h. SAVEVALUE X$AVDBH
Average stand volume 2,842 cuft./acre SAVEVALUE X$AVVOL
- Average tree height 60 ft SAVEVALUE X$AVHGT
. Average trees/acre 550 trees/acre (all sizes) SAVEVALUE X$TRPAC
- Strip length 660 ft SAVEVALUE X$STPLN
Distance between strips 32t SAVEVALUE X$MVSTP
. Density of wood 55 Ib/cu ft SAVEVALUE XSLBCFT
Hours in daily work shift 8 hours SAVEVALUE X$SWKDAY
~ Actual tree diameter’ Diameter distribution SAVEVALUE VSTDIAD
d.b.h. (in.) 2| 4|6 | 8]10]12]14]16] 18] 20
| Percent trees 25.4122513041861631321201111 41 2
~ Volume of trees Volume of trees (cu ft) VARIABLE VETVOL

Volume = —0.283 + 0.0031 (d.b.h.2) tree height
= —0.283 + 0.186 (d.b.h.?)




Table 3.—Machine data dependent on stand conditions

Date required Case study Form required by program Name
Expected X coordinate of X coordinate equally VARIABLE V$XCORD
- the next tree to be cut likely to fall
: anywhere in the strip
X coordinate = strip
width X (Rand #1) + 1
Expected Y coordinate of Distribution of the VARIABLE V$YCORD
the nexttree to be cut difference in feet
- (nexttree’sY
coordinate—current
_ tree’s Y coordinate)
Y DIF 0 2 4 6 8 10 12 14 16 18
) Percent trees 18 30 16 12 8 4 4 3 3
Maximum distance feller 8 feet SAVEVALUE X$ADLIM
‘will travel to add
‘anothertreeto
accumulatorhead
Maximum distance feller ‘45 feet SAVEVALUE X$BDLIM

will travel to add
additional trees to
‘a partial bunch

"The empirical distribution of the expected location for the next tree to be cut could be replaced with an analytic function (Bradley, Dennis P. An analytical procedure

to locate trees for simulated tree harvest, (manuscriptin process).

Table 4.—Machine data

-per cycle (including
_cycles with zero
delay) .

mechanical delay (min)

LENGTH OF DELAY

0 0-5 5-1010-50

Percent of cycles 99.

4 2 2 2

Data required Case study Form required by program Name
Travel time , Travel speed VARIABLE VSFBTRAV
" (based on distance) Mean = 150 ft/min
- St. dev. = 50 ft/min
Shear time per tree Shear time VARIABLE V$FBSHR
. Mean = 25 centi-min
St. dev. = 12 centi-min
Drop time per load Drop time VARIABLE V$FBDRP
Mean = 15 centi-min
: _ St. dev. = 9 centi-min
Maximum size of skidder Bunch diameter limit VARIABLE VEBUNLM
- bunch the feller 45inches
creates (sum total
of diameters)
Gal/hr fuel used 4.7 gal/hr SAVEVALUE X$FBGPH
. Length of nonmechanical Distribution of VARIABLE VENMDLY
- delay per-cycle nonmechanical
“(including cycles delays (min)
with zero delay) :
LENGTH OF DELAY 0 01 1-2 25 5-1010-2020-50
‘ Percent of cycles 973 9 5 5 4 3 A1
Length of mechanical delay Distribution of VARIABLE VSMCDLY




" Table 5.—Simulation run control

- Data required Case study Form required by program
Random number generators: Random number Use RMULT card
S 1 for GPSS
scheduler
2 generate normal
random
distribution
3 tree location
distribution
4 d.b.h.
distribution
5 not used
6 delay
distributions
Number of days 5 days
Standard output every 5th day Start card
tistics provides detailed information on how the feller/ Example:
buncher spends its time in the woods. The SAVEV- FBHR = 4,006 = feller hours x 100
ALUE list contains all the totals necessary to cal- FBTRE = 3,785 trees cut
culate productivity if the FORTRAN subroutines 3,785/40.06 x 94.48 trees/hour

cannot be used .

FULL TREE FIELD CHIPPING SIMULATOR

E PED Y H
coonpn cenvaabFBRERRS eRbenllbur eration.
FOREST PRODUCTS MARKETING AND
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z
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R
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2842,00 CU FT, AVERAGE VOLUME PER ACRE,
5,10 INCHES, AVERAGE DBH,
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550,00 AVERAGE NUMBER OF TREES PER ACRE,
8,90 FEET, AVERAGE TREE SPACING,

I1. SYSTEM CHARACTERISTICS AS SPECIFIED BY THE ANALYST,
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Figure 5.—Simulation output—system and stand characteristics.
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Additional details of the in-woods operations are

provided by the GPSS TABLES (figs. 8-10). The cycle
time table FBTIM (cycle time starts after the feller/
buncher drops .one load and ends when it drops the
next) shows there were 1,490 cycles with an average
cycle time of 161 centi-minutes. Of all 1,490 cycles,
240 cycles or 16 percent took between 100 and 125
centi-minutes .
It should be noted that all of the output was ob-
tained by random processes in the model. Therefore,
the output data are themselves a random sample of
what could happen. If the model is run again with
different random samples, the exact results will be
different but will reflect the underlying means and
variance of the system. An average over several days
or several runs is the best estimate of an actual sys-
tem . :

RELIABILITY

- The simulation described here used data obtained
in a previous study of mechanized thinning. Three
simulation runs were made using different random
number sequerices to insure different random sam-
ples. Simulated production figures were averaged and
compared with the productivity observed during the
actual thinning (table 6). The greatest error of 14.7

‘percent appears in cycles/hour with delay. A portion
of this error can be attributed to the simulation runs
having a higher percent of productive time on the
runs made. Other runs, with different random num-

. _ ber sequences, would alter the number and duration

of delays, hence the cycles/hour. The comparison in-
dicates the model is a reasonably accurate mirror of
the real system. Obviously, the better the input data,
the more useful the output!

KNOWN GPSS SYSTEMS
- DIFFERENCES

. The program listed in the Appendix is operational
on a UNIVAC 1110 under an implentation of GPSS
called'GPSS-X8, obtained through Use Program Li-

brary Interchange (UPLI). It should run under most
GPSS Processors with only minor changes. The fol-
lowing should be checked for your system.

INITIAL cards—In GPSS-X8, the INITIAL cards
appear last in the deck.

They should be moved to the head of the deck for
most other GPSS processors.

JOB CONTROL cards—These are unique to each
computer lab and must be obtained locally.

HELP BLOCKS—In GPSS-X8, HELP BLOCKS (line
65-80 in the program) are used to pass an array
of up to five integer values to a FORTRAN sub-
routine. Only a one-way transfer is permitted, the
subroutine cannot pass arguments back to GPSS.

Some versions of GPSS do not allow HELP
BLOCKS. In this case, the program can be run with-
out lines 48 to 80 and the data obtained instead from
the standard output. If some form of HELP BLOCKS
are allowed, the HELP BLOCKS formats and the
subroutines may have to be changed. See the GPSS
manual for your computer installation.

CONCLUSIONS

Most harvesting system changes have relatively
complex effects on productivity. The simulation model
provides an in-depth look at the operation of this
machine in the woods and makes it possible to study
the effect of a change in any one system character-
istic or stand factor or many changes at the same
time. It can also be combined with a model of skid-
ding and chipping operations to provide productivity
information for a whole-tree system. Perhaps the
greatest value of a GPSS model is the ease with
which it can be modified to suit the exact require-
ments of your system. Although this requires some
knowledge of GPSS, it makes simulation an ex-
tremely valuable tool.

- Table 6.—Corroboration of simulated productivity with field data

Field data and Productive Trees per hour Cycles per hour Average number trees

simulated productivity timeworked - Ngdelays Withdelays Nodelays Withdelays /Cycle  /Skidbunch
Percent

Field data 73 132 94 48 34 2.8 10.1

Simulation runs' 78 130 98 51 39 2.5 10.8

(Error) (6.8) (—1.5) 4.1) (5.8) (14.7) (—10.7) (6.9

1Average of three simulation trials using different random number sequences.
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APPENDIX A

VARIABLE LISTS AND DEFINITIONS

DEFINITIONS

IMPLICIT TIME UNIT—CENTI-MINUTE
Model Segments, Transactions, and Parameters

Segment 1 —TIMER
Transactions—1 time keeper
Parameters—None

Segment 2—FELLER/BUNCHER
Transactions—Feller/buncher
Parameters
- Pl—not currently used
P2—clock time marking cycle
P3—current X coordinate of the feller/
buncher
P4—current Y coordinate of the feller/
buncher
P5—tree number being cut
P6—X coordinate of the tree
P7—Y coordinate of the tree
P8—tree diameter
P9—distance from feller/buncher to tree
P10—end of strip indicator
P11—sum of tree diameters in current
accumulator load
P12—volume of current accumulator load
P13—number of trees in accumulator load

14

FUNCTIONS

DBH Distribution of tree diameters in the
stand

HYP Distribution used to calculate the leng
of the hypotenuse of a right triangle

SNORM Distribution used to obtain a normal
distribution for sampling with a mear
0, variance = 1, lower end truncated

YCDIF Distribution of the distance along the
strip from current tree to next tree; i.
difference in Y coordinates

MCDLY Distribution of the occurrence and
duration of mechanical delay

NMDLY Distribution of the occurrence and
duration of nonmechanical delays

SAVEVALUES

ACCLM Accumulator head limit of this load,
number of trees

ACLM1 Accumulator head limit, maximum
number of trees

ADLIM Accumulator distance limit, maximu
distance feller will travel to add ano
tree to load, feet

AVDBH Mean stand diameter, inches x 100

AVHGT Mean stand height, feet

AVVOL Mean vol/acre, cu ft x 100



BDLIM

BNCOM
BNLM1
BRKTM
BUNLM

DAYS
DELNM

DELYM
FBACC

FBDIS

FBGPH -

FBHR
FBTIM

" FBTRE
FBTYP

FBVOL
FDRP1
FDRP2

FSHR1
- .FSHR2

FTRV1
 FTRV2
LBCFT
MAX
" MIN
MVSTP
. NUMFB
PBDIA
PBEND

PBTRE
PBVOL

PBX
PBY
'STPLN

STPWH

STRIP
TRPAC
WKDAY

" Bunch distance limit, maximum distance

feller will travel to add trees to a partial
skidder bunch, feet

. Number of skidder bunches complete
- and ready for skidding

Maximum sum of diameter for skidder
bunch size limit, inches

Total time spent on breaks, centi-
minutes

Current bunch size limit—sum of

_ diameter, inches

Number of days worked

- Total time lost to nonmechanical delays,

centi-minutes )

Total time lost to mechanical delay,
centi-minutes

Total number of feller/buncher
accumulator loads

Total distance feller has traveled, feet
Feller/buncher fuel usage, gal/hr x 10
Total time feller has worked, hours x
100

Total time feller has been on job,
minutes X 100

Total trees cut

Feller/buncher type code, rubber-tired =
1

Total volume cut, cu ft x 100

‘Mean drop time, centi-minutes

Standard deviation drop time, centi-
minutes

Mean shear time, centi-minutes
Standard deviation shear time, centi-
minutes

Mean travel speed, ft/min

Standard deviation travel speed, ft/min
Density of stand species, lb/cu ft
Longest distance of travel (X or Y
direction), ft

Shortest distance of travel (X or Y
direction), ft

Distance feller travels between strips, ft
Number of feller/bunchers on job

- Partial bunch sum of diameter, inches

Partial bunch end of strip indicator
Partial bunch number of trees
Partial bunch—current volume, cu ft x
100

* Partial bunch X coordinate

Partial bunch Y coordinate
Length of strip, ft

Width of strip, ft

Number of strips harvested
Mean stand density, trees/acre
Length of work shift, hours

XDIF

YDIF

COFFE
DAY

LUNCH

ACCTR
ACCVL

BDIA

BTRE
BVOL
FBTIM

BREAK
FBDRP
FBSHR
FBTRV
MCDLY
NMDLY

ACCLM
BREAK
BRKTM
BUNLM

DELNM

DELYM
FBDRP
FBHR
FBSHR
FBTRV
HYP
MCDLY
NEWY

NIGHT

Distance between the feller’s current
location and its next location across
strip, ft

Distance between the feller’s current
location and its next location along strip,
ft

SWITCHES

Set by timer to indicate coffee breaks
Set by timer to indicate beginning of
workday

Set by timer to indicate lunch break

TABLES

Trees per accumulator load

Volume per accumulator load, cu ft x
100

Sum of diameter of trees in skid bunch,
inches

Trees per skidder bunch

Volume per skidder bunch, cu ft x 100
Cycle time for feller/buncher from drop
to drop, including delays, centi-minutes

QUEUES

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

All travel time

Mechanical delays
Nonmechanical delays

VARIABLES

Accumulator head limit, number of trees
Time between breaks, centi-minutes
Time spent on breaks, centi-minutes
Skidder bunch limit, sum of diameter,
inches

Nonmechanical delay time, centi-
minutes

Mechanical delay time, centi-minutes
Swing and drop time, centi-minutes
Total time, hours x 100

Shear time, centi-minutes

Travel time, centi-minutes

Length of hypotenuse of a right triangle
Length of mechanical delay

Y coordinate when skidder changes
strips

Remainder of 24 hours after work shift,
centi-minutes

15



-~ NMDLY
NXDIF
NYDIF
RATIO
SPEED

TDIAM
- TVOL

16

Length of nonmechanical delay, centi- WKDAY
minutes XCORD
Used to make distance in X direction
positive YCORD
Used to make distance in Y direction
positive XDIF
Ratio between the legs of a right YDIF
triangle XDIF1
- Feller/buncher travel speed, ft/min

Tree diameter, inches YDIF1
Tree volume, cu ft x 100

APPENDIX B

Length of work shift, centi-minutes
X coordinate (across strip) of tree
location, ft

Y coordinate (down strip) of tree
distance, ft

X distance from feller/buncher to tree
Y distance from feller/buncher to tres
X distance from feller/buncher to par
bunch

Y distance from feller/buncher to par
bunch

PROGRAM LISTING
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| (NXDA_Y )

COMPLETE FLOW CHARTS - PART 1 OF 6

TIMER SEGMENT

CREATE ONE
TIMER

COUNT NUMBER

SAVEVALUE OF DAVS
DAYS+,1
LOGIC 1 TIME TO
SET ]START WORK
DAY
W | e,
COFFEE BREAK
LOGIC SIGNAL
SET t:] FELLER -
COFFE COFFEE BREAK
ADVANCE N$¥§£Uﬁ5§L
V$BREAK LUNCH
SIGNAL
ng%c ::] FELLER -
LUNCH LUNCH TIME
WORK UNTIL
ngﬁgﬁi TIME FOR

SECOND BREAK

|

<~ (NXDAY)

'

LOGIC
SET
COFFE

!

ADVANCE
V$BREAK

!

LOGIC
RESET

DAY

!

ADVANCE
VSNIGHT

SAVEVALUE

VARIABLE

REPORT

!

TERMINATE

SIGNAL
FELLER -
COFFEE BREAK

WORK UNTIL
END OF
SHIFT

TIME TO
QUIT FOR
TODAY

WAIT UNTIL
MORNING

CALCULATE
FELLER'S
PRODUCTIVE AND

NONPRODUCTIVE
TIMES

PRODUCE

FORTRAN
PRODUCTION

REPORT
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COMPLETE FLOW CHARTS - PART 2 QF 6

RUBBER TIRED FELLER/BUNCHER SEGMENT

CREATE ONE
»551,10,15] FELLER/BUNCHER

~ (INIT) | ASSIGN

INITIALIZE
7.0 ACCUMULATOR
12.0 HEAD LOAD
13.0
MARK
START OF
CYCLE

SET MAXIMUI

SAVEVALUE ACCUMULATOR
LOAD AND
LOAD BUNCH SIZE
. SIZE
(TREE) | ASSIGN ASSIGN
TREE NUMBER
PARAMETERS X COORDINATE,
5-8 Y COORDINATE,
DIAMETER
TREE NO
IN A NEW (OLDST)
STRIP
?
YES
ASSIGN

ASSIGN Y COORDINATE
IN NEW STRIP,
END OF STRIP

y
7, VNEWY INDICATOR
(ACCFL)  F.B. DOES NOT

PART 4 CARRY TREES TO
A NEW STRIP
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(OLDST)

ACC.

HEAD FULL
?

(TDIST)

SAVEVALUE

XDIF
YDIF

'

A
DISTANCE
NEGATIVE

?

NO

SAVEVALUE

MAX
MIN

'

ASSIGN

9,VEHYP

(FIRST)
PART 3

(ACCFL)
YES. PART 4
FIND
X AND Y DISTANCE
FROM F.B. TO
NEXT TREE
YESm{ SAVEVALUE
XDIF CHANGE
YDIF SIGN OF
NEG. VALUE
B ——

STORE X AND Y DISTANCE
INTO MAX. AND MIN. FOR
USE IN HYP. FUNCTION

ASSIGN
STRAIGHT LINE
DISTANCE -
F.B. TO TREE



(FELL)

1ST
TREE IN

COMPLETE FLOW CHARTS - PART 3 OF 6

RUBBER TIRED FELLER/BUNCHER SEGMENT

YES (ACCFL)
TOO FAR
AWAY PART 4
?
NO
QUEUE <:3§
FBTRV
ADVANCE TRAVEL
V$FBTRY TO TREE
| DEPART RECORD
FBTRV TRAVEL
TIMES
_ASSIGN
: TREE COORDINATES
3,P7 BECOME
4,P6 F.B. COORPINATES

QUEUE
FBSHR

'

ADVANCE
VSFBSHR

SHEAR
TREE

'

DEPART
FBSHR

RECORD
0 5%
TIMES

'

ASSIGN

11+,P8
13+,1

SAVEVALUE

# TREES,

VOL,DIST

'

(TREE)
PART 2

ADD TO ACC. HEAD
NUMBER OF TREES
AND
TOTAL DIAMETER

CONSIDER NEXT TREE 31



COMPLETE FLOY CHARTS - PART 4 OF 6
RUBBER TIRED FELLER/BUNCHER SEGMENT

(DROP)

PART 5
(TRVPB)
QUEUE
DETERMINE FBTRV
SAVEVALUE X AND Y DISTANCE
‘ FROM F.B. TO
“XDIF BUNCH
YDIF
ADVANCE TRAVEL TO
‘ V$FBTRV PARTIAL BUNCH
A YE
3&2}@?35 SAVEVALUE
? CHANGE RECORD
XDIF DEPART
NO SIGN ON TRAVEL
YDIF NEGATIVE FBTRV (::2 TIMES
SAVEVALUE )est———-d ‘
STORE X AND Y
MAX DISTANCES INTO ASSIGN PARTIAL BUNCH
MIN MAX. AND MIN. FOR USE COORDINATES BECOME
WITH FUNCTION HYP. 3,X$PBX F.B. COORDINATES
+ 4,X$PBY
ASSIGN STRAIGHT LINE
DISTANCE
» F.B. TO BUNCH ‘ RECORD
9,V$HYP SAVEVALUE TRAVEL
, DISTANCE
FBDIS
' s
(PBFAR) o pRtral N\QYES [ SPLIT (DROP) ‘
CBUNCH T00 = pART 5 (DROP)
CONEAR? 1 PART 5
NO ‘*
(TRVPB) (BUNCH) OFFSPRING
PART 6 GOES TO MAKE

PARTIAL BUNCH
COMPLETE
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(DROP) ‘

COMPLETE FLOW CHARTS - PART 5 OF 6

RUBBER TIRED FELLER/BUNCHER SEGMENT

QUEUE
DROP
POSITION
ADVANCE ARl
VSDROP | ACCUMULATOR
* LOAD
DEPART RECORD
DROP DROP TIME
RECORD
BUNCH LOCATION
SAVEVALUE ™ JuoLume, sur oF pIAMETER,
S ONCH NUMBER OF TREES
DATA
QUEUE C:j
MCDLY
ADVANCE MEggﬁR$CAL
v$MCDLY TR ANV -
RECORD
DEPART MECHANI CAL
MCDLY DELAY
QUEUE
NMDLY
apvance | NONMECHANICAL
VSNMDLY JELAY

'

{

DEPART
NMDLY

RECORD
DELAYS

Y

QUEUE
BREAK

o
©

-~
YES

ADVANCE
1500

15-MINUTE
COFFEE BREAK

1

LOGIC
RESET
COFFE

]

YES

NO . (QUIT)
. PART 6

ADVANCE
3000

30-MINUTE
LUNCH BREAK

Y

LOGIC
RESET
LUNCH

|

(QUIT)
PART 6

NONMECHANI CAL
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COMPLETE FLOW CHARTS - PART 6 OF 6

RUBBER TIRED FELLER/BUNCHER SEGMENT

(quIT)
SAVEVALUE
OFFSPRING
FBTINY, GOES TO
MP2 COMPLETE
‘ BUNCH
DEPART  REsoRD
BREAK TIMES
TABULATE
PRODUCTION (N
SHIFT OVER -
WAIT UNTIL
TOMORROW

~

) START NEW

=/ " CYCLE
ASSTGN INITIALIZE
ACCUMULATOR
INITIALIZE HEAD
BUNCH YES
COMPLETE (BNCOM)
?
0
END
OF STRIP HIES (BNCOM)
?
NO
(TDIST)
PART 2
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(BNCOM) ‘
SPLIT

1

END
OF STRIP
?

BUNCH
CONSIDERED
COMPLETE

(TDIST)
PART 2

YES
ASSIGN ADD DISTANCE
_ BETWEEN STRIPS
4,p7 AND RESET
3,P6+X$MVSTP ) Y COORDINATE
(TDIST)
PART 2
(BUNCH) | AssIGN TURN PARTIAL
BUNCH INTO
PARAMETER ACTIVE
4,11,12,13 TRANSACTION
INITIALIZE
SAVEVALUE ) PARTIAL BUNCH
DATA STORAGE
BUNCH
DATA
TABULATE
BUNCH
PRODUCTION “‘xl
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