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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 put required includes data on the machine's operat-
has many applications, each requiring a different ing characteristics, the stand itself, and the type of
approach to simulation. Simulations range from harvest to be carried out.
technical descriptions Of machine components for Model output includes productivity figures such as
improving equipment design to overviews of major number of trees, weight and volume harvested per
systems for estimating large-scale changes in pro- hour or load, number of total cycles (accumulator
ductivity. Forestry Sciences Laboratory personnel at head loads), number of trees per cycle, total distance
Houghton have been involved for the past several traveled, and skid bunches completed.
years in developing harvesting simulators for use in Additional output includes details of the woods
forest engineering research (Bradley et al. 1976, operation, distribution of cycle times, distances,
Bradley and Winsauer 1976, 1978, U.S. Department number of trees per bunch, size of skidder bunches,
of Agriculture Forest Service 1978). and frequency and length of delays.

• 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 feIler/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- Figure 1.--Tracked feller/buncher.
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',, Te.i.u,ationi. i teninOenera, uoo.eSi.-..............
ulation Language (GPSS), with _utput subroutines

' I written in FORTRAN. GPSS is a discrete-event sim-

ulation language developed by IBM (Schriber1974). ____I_,__,____ -_ _,_ _
i , The user constructs a block diagram by arranging the

discrete events of a system in their logical structure. _ ¢._u6___..___ _jp_. ___ ..... ,

i The block diagram is made up of a group of specific _ __¢_ _ _

GPSS blocktypes, which thenbecome the GPSSpro- _3______ _-'_ '_I_ _L :1 i

, gram. A basic understanding of the GPSS language
allows the user to accurately interpret or modify the _r._%_ _ _ _

simulation. ' _._$_ _____ _ .....

Most versions of GPSS have a standard output }I _ _ _j_ _ _ _ /_ _ _]

format that concisely presents the data. The FOR- • _: I_ _1___ :___1
, outputvaluesinan organized,labeledform.• I

@i
MODEL ASSUMPTIONS

_ , _, "
i The-basictimeunitusedinthemodelisa "centi- _ "

l • minute"---thatis,1/100ofaminute.The fellerworks ___.__]
one Shift a day for the number of days chosen by the Figure 2._Feller/buncher travel pattern.
user. All volume measures are in 0.01 cu. ft.

.i 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 and the feller must move forward--- it does

complete skidding-chipping or skidding-loader not back up.
' model. Another alternative would be to add a "black 4. If a bunch is not started at a given location (only
i box" skidder segment, a simplified segment used to one accumulator head load has been cut), the feller

create the machine interactions without a detailed will carry the trees in the shear head to the next
study of the skidder operation, location. (Exception: if the end of the row (strip) has

Since an efficient skidder load usually contains been reached, the feller will drop the load there be-
I more trees than the shear can hold, the feller/buncher fore traveling to the next strip.

may shear and drop several loads at one location to 5. The feller/buncher can quit for the day or stop for
create the skidder bunch, a break only after completing a bunch for the skidder.,

The following assumptions are made about the 6. Mechanical and nonmechanical delays are in-
I feller/buncher's behavior: corporated into the model. For ease of programming,

1. The machine has an accumulating shear. (The they are assumed to occur after the feller/buncher
I model can easily be changed to single-head shear), drops the current load of trees.

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 MODEL DESCRIPTION
i reach that are scheduled for cutting. At the end of the

Strip, it travels through the woods to the next strip, The model consists of two GPSS segments: (1.
i then returns along that strip toward the landing (fig. Timer segment, 2. Feller/buncher segment) and

2). two FORTRAN subroutines for easily read output. AI
I 3. If there are no more trees within the feller's complete variable list, program listing, and flow

reach, the bunch it was working on is considered charts are contained in Appendixes A, B, and C.

I
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The Timer segment (fig. 3) controls the daily The Feller/buncher segment (fig. 4) simulates a
schedule, keeps track of the days worked, and sends tracked feller/buncher with a boom-mounted shear.

information to the subroutines. The Timer signals This boom enables the machine to remain at a har-
the start of the day, the rest breaks and the lunch vesting station while it shears and bunches trees
break (two 15-minute breaks a day and V2hour lunch within a radius of 20 feet, (the radius depends on the
break are assumed), and the end of the workday. The stand and the harvesting treatment as well as on the
Timer then completes the 24-hour day and produces physical reach of the boom).
a repo_ of the previous day's operation and produc- The feller is assumed to move into the woods, cut
tion. OutpUt is produced atthe end of 24 hours-- not one or more trees, then drop them to one side to form a
at the end of the shift-- to include the time needed for bunch. After all the trees to be cut at that location are
the feller to complete the bunch being worked on processed, the feller moves to the next set of trees and
before quitting for the day. If the required number of repeats the process.
days has been simulated, the model shuts off. Other-
wise the start of another work day is signaled and the
process continues. 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
TIMERSEGMENT-OVERVIEW 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

. I_. program. For example, a shear-time change from a
f" constant (SAVEVALUE) to a distribution (FUNC-

COUNT TION) can be accomplished by simply redefining theDAYS
WORKED 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

TELL FELLER L]

TO START are used simply for output information.
WORK

4 :
. < ,TLL• WATCH _ QUILTING _ IlS QUIIIING

CLOCK / TIME TIME DATA REQUIRED BY MODEL

_ REAI(
TII'IE

Four types of data describing the equipment and/

, TELL FELLER _ WAIT
' ITISBREAK UNTIL harvesting operation must be supplied to run the

TIME _ MORNING simulation: (1) stand data (table 2); (2) machine data

dependent on stand conditions (table 3); (3) machinedata independent of stand conditions (table 4); and (4)• I I
I ON I 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

NO time studies carried out during actual logging opera-
tions. Although the data in the tables may not repre-

_YES sent the operating characteristics of the felled
buncher under all conditions, they do present a rea-

ENDRUN sonably accurate picture of its performance in a stand
Figure 3.--Overview of the timer segment, of this type (table 2).

I
.

3



FELLER BUNCHER SEGMENT - OVERVIEW

ELLER --l

_ ' MOVE

F_BD" ".DARERYES F)p_ SWINGAND
• DROPLOAD

DELAY I
I

- f _""

SHEAR

TREE NO

,

YES _r(-

_",_y HAVETO MOVE

_NO _ TAKEBREAKOR,_R ENDOF

__'___ _SH_I'T QUIT UNTIL

' MORNING

F.B. WILL DROP __

LOADIF BUNCH 0 TREE)STARTEDOR IF

ENDOF STRIP

• Figure 4.--Overview of the feller/buncher segment.

SIMULATION OUTPUT 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

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

• 4



Table 1.---GPSS Data input forms

Inputdatatype Inputformin GPSS Example

Simpleaveraoes InitializedSAVEVALUES Ave. d.b.h. = 6 in.
or constants

Rangeof values InitializedSAVEVALUES Sheartime = 10 to 14 centi-min.
for meanand one-half = 12 _+2 centi-min.
width of interval

Equations VARIABLES Vol. = .13 d.b.h.2 - .28

Frequency FUNCTIONS D.b.h.(in.) 4 5 I 6 I 75 8distributions percenttrees 23 25 30 5
Meanandvariancefor SAVEVALUESand Wait time is normally

a standarddistribution FUNCTIONSfor the distributedwith
suchas normal, Poisson .distribution mean = 10
Exponential,etc. variance= 9

J

Table 2.--Stand data

Formrequired
Datarequired Casestudy byprogram Name

Ave. standdiameter 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 X$AVHGT
Ave.trees/acre 844 trees/acre SAVEVALUE X$TRPAC

. Striplength 725 ft. VARIABLE V$STPLN
Distancebetweenstrips 35 ft. SAVEVALUE X$MVSTP
Wooddensity 55 Ib./cu. ft. SAVEVALUE X$LBCFT
Hoursin:dailywork

shift 8 hrs. SAVEVALUE X$WKDAY
Actualtreediameters Diameterdistribution: VARIABLE V$TDIA

D.b.h.(in.) 3t 4 5 6 7 8 9
percenttrees 5 a 23 30 24 14 3 1

Treevolume Volumeof trees(cu. ft.): VARIABLE _ V$TVOL
Volume= -0.283 + .0031(DBH2) treeht.

= --0.283 + 0.133 (DBH2)
assumingtreeht. = 43 ft.

,

cannot be used. For example: 79 centi-minutes. Of all cycles, 209 cycles or 7.8 per-
FBHR = 4020 = feller hours × 100 cent took between 100 and 125 centi-minutes.
FBTRE = 6663 trees cut It should be noted that all of the output is based on
6663/40_2 165.75 trees/hr, random processes in the model. Therefore, the output

Additional details of the woods operations are data are themselves random, only a sample of what
provided by the output tables (figs. 8-10). The cycle could happen. If the model is run again with different
time table (cycle time starts after the feller/buncher random numbers, the results will be different. An
drops one load and ends when it drops the next) shows average over several days or several runs is the best
there were 2,667 cycles with an average cycle time of estimate of an actual system.

' 5
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Table 3,_Machine data dependent on stand conditions

! Formrequired
Datarequired Casestudy . byprogram Name

I Numberof treeswithin Distribution:treesin head VARIABLE VSREACHi

reachof accumulator

I headfrom a given Numberof trees 2-4 4-6 6-8 10-12I 12-16 16-18
i location percenttime 3 7 10 20 I 20 8

" Numberoftrees 18-20 I 20-22 I 22-241,..24-26I 26-30 I 30-38I percenttime 7 6 5 I 4 5 5
' Distancefellermust Distribution:fellertravel VARIABLE V$FBMOV

moveto be-well
positionedto cut ft. 0-5 5-10 10-25 125-35i 35-50

I nextsetof trees percenttime 10 15 30 I 120 10

ft. 50-60 I 60-90190-120i percenttime 5 5 5
I

I
' FULL TREE FIELD ¢HIPPZNG $IIqUI,,ATOR

[ OP D B TH

.o,,. II|'"I o es, f|,vzcE,u.s. oE,,. o, ,, utu.e

i FOItE$T PRODUCTS MARKETING .AND UTILIZATION PROJECTw I)UI.UTNe N|NNESOTA
, FOREST ENGINEERING .ALND

THE
ABORATOItYw HOUGHTON# HZCNZGAN

A THOR8

; TMl,obi;,,, NM[A

I It. STAND "¢NARACTERX$TX¢St

I $4§0e00 CU FT, AVERAGE VOI.UM[ PER ACREe
' §,§0 TNCHESe AVERAGE DBNe

45,00 F[[Tw AVERAGE TREE HEIGHT,

86_I,00 AVERAGE NUMBER OF TREES PER ACRE,

. 7,0_ FEET, AVERAGE TREE 8PACING,
I

ZIt |YSTEM CHARACTERISTICS AS SPECIFIED |Y TNI[ A.NAI.YST,

I A, FEI.LEIleBUNCHER, | MACHINE TRACKED TYPEoROTATABI.[ BOON WZTN A¢CUMUI.ATOR SMEAR

' _ACI, II N[ LIMITATIONS

I TN[ ACCUMULATOR-SMEAR Nil,I. TRY TO=OBTAIN A LOAD OF UP TO 4tO TREES

I BUNCH LIMITATIONS DICTATED BY SKIDDER CAPACZTYI

l THE FELLERwBUNCHER$ TAY TO ACHIEVE 8glDo[ll BUNCH[8 NZTH A TOTAL SUM OF DIAMETER8 EQUAl. TO liOeO INCME8
I

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

. KNOWN GPSS SYSTEMS _.. under most GPSS Processors with only minor
i DIFFERENCES changes. The following should be checked for your

system:

I 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-
!

I e
I

i
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Table 4.--Machine data°
o

Formrequired
Datarequired Casestudy byprogram Name
Traveltime Travelspeed" VARIABLE V$FBTRAV

(basedondistance) mean49ft./min.
s.d.19 ft./min.

Sheartimepertree Distribution:sheartime VARIABLE VSFBSHR
time(centi-min.) 0-10110-2020-3030-40
percentof cuts 29 I 39 21 8

time(centi-min.)percentof cuts 40"50150"601'60"70170"9011 .5 .5
Dropandbunchtime Distribution"dropandbunchtime VARIABLE VSFBDRP

perload
time(centi-min.) 1-1010-2020-3030-40
percentofcuts 3 67 15 3

time(centi-min.) 40-50150-60160-70percentofcuts 1 .5 .5
Numberof treesper Distribution:trees/accumulatorheadload VARIABLE VSACCLM

accumulatorload
numberof trees 1 2 3 4 5
percentloads 22 23 28 17 10

Maximumsizeof 120in. VARIABLE VSBUNLM
skidderbunchFB
triesto create
(totalsum
ofd.b.h.)

Gal./hr.fuelused 5.5 gal./hr. SAVEVALUEX$FBGPH
Lengthof nonmechan-Distributionofnonmechanicaldelays(min.) VARIABLE V$NMDLY

icaldelays/cycle
.(includingcycles lengthofdelay 0 .15 ! .25 .35 .40 .50 .75
withzerodelay) percentof cycles 98.5 .2 I .2 .2 .1 .1 .3

lengthofdelay .80 11.0 2.0 3.0 14._i5._percentof cycles .3 .3 .1 .1 . .
Lengthofmechanical Distributionof mechanicaldelays(min.) VARIABLE V$MCDLY

delays/cycle
.(includingcycles lengthof delay 0 .5 1.0 1.5 2.01 2.5 5.0

withzerodelay) percentof cycle 99 .1 .1 .1 .1 ] .1 .1

lengthof delay 10.0 120.0 I OI :_percentof cycle .1 .1 ,301.,40

puter lab, and must be obtained locally, allowed, their format and the subroutines may have
HELP BLOCKS--In GPSS-X8, HELP blocks (lines to be changed. See the GPSS manual for your com-

65-80 in the program) are used to pass an array of puter installation.
' UPto five integer values to a FORTRANsubrou-

tine. Only a one-waytransfer is permitted;i.e., the
subroutine cannot pass arguments back to GPSS.
Some versions of GPSS do not allow HELPblocks. SENSITIVITY

In _ cases the programcan be runwithout lines 48
to 80; these data can instead be obtained from the Table6 presents the results of a preliminarystudy
_mndardoutput. If some form of HELP blocks are of the model's sensitivity. The model was run to fit

• i

,
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' Table 5.'-Simulation run control
I

Formrequired
Datarequired Casestudy byprogram
Randomnumbergenerators Randomnumberuse RMULTCARD

1--usedbyGPSSscheduler
2--Sheartimeanddroptimedistribution

-. 3--treesinreachanddistanceto move
, distributions
= 4--d.b.h.distribution
' 5--notused
' 6--delaysdistribution
' Numberofdays . 5 days STARTCARD
' Standardoutput every5thday

i

I

FELLER-BUNCHER PRODUCTION AND COST SUHMARV

I t_ttj*t_t_tetttt=t=t_o=_t*_tttte=o_t_t_t*_*_tt_e_et_tt_t_tt_t_tte_tt*t_tetetQt_teoo

I

I
I, A. aO,20 HOURS wORKED BY FELLER-BUNCHER(S) INCLUDING

I
298,22 HINUTES OF PERSONAL BREAKSw

213,36 PINUTES HECHANICAL CELAYw

26,67 MINUTES NON-MECHANICAL DELAY

B. l FELLERoBUNCHER, TRACKED TYPE-ROTATABLE BOOM WITH ACCUMULATORSHEAR

II, k. 2667 TOTAL ACCUMULATORCYCLES COHPLETED - ALL HACHINES,

2,50 AVERAGE NUMBER OF TREES PER CYCLE.

q,t$ AVERAGE VOLUME PER CYCLE = CU,FT,

B, _81 BUNCHES COMPLETED

13.85 AVERAGE NUMBEROF TREES PER BUNCH,
I

5,54 AVERAGE NUMBEROF CYCLES PER BUNCH.

! 50,63 AVERAGE VOLUHE PER BUNCH - CU,FT.

I C, beb3 TOTAL TREES FELLED,q, .

D, 2_35a,2 TOTAL VOLUHE FELLED - CU,FT.

J E, bbq,?_ TOTAL TONS FELLED

F, 13q3u TOTAL DISTANCE TRAVELE_ o FEET

, III, A, 66,34 AVERAGE NUMBER OF CYCLES PER HACHINE HOUR.

B. tl,qT AVERAGE NUHBER OF BUNCHES COMPLETEDPER MACHINE HOUR,

• C, 165,75 AVERAGE NUMBEROF TREES FELLED PER MACHINE HOUR,

, D, 605.83 AVERAGE VOLUME FELLED PER MACHINE HOUR.

E. 16,66 AVERAGE NUMBEROF TONS FELLED PER HACHINE HOUR.

F. 3a6,62 AVERAGE DISTANCE TRAVELED PER MACHINE HOUR = FEET,

IV, .A, 221.10 TOTAL GALLONS OF FUEL USED BY THE FELLER-BUNCHERe

5.50 GALLONS PER HOUR,

.33 GALLONS PER TON.

,q| GALLONS PER CUNITe

Figure 6.--Simulation output: productivity.

t
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Figure 7.--_imulation output: standard GPSS form.
I

actual data as closelY as possible. Then one parame- CONCLUSION
ter at a time was varied and the effect on productivity With the proper choice of input variables, the
noted, simulation model can be used to study productivity of

These sensitivity figures can be used (1) to give feller/bunchers under a variety of stand or harvest-
someindication of the accuracy required for the input ing conditions. It is possible to study the effects of a
data (the greater the sensitivity the more accurately change in just one parameter or the effects of many
that parameter should be specified), and (2) to give an changes at the same time. This model can also be
indication of what factors should be further exam- combined with a model of skidding and chipping op-
ined for their impact on the machine's productivity, erations to prov_e productivity information for

It should be noted that even parameters which did whole-tree systems.
not show major changes in productivity at the levels Perhaps the greatest value of a GPSS model is the
of Change examined could have larger effects when ease by which it can be modified to suit the exact
changed to a greater degree or when combined with requirements of a harvesting system. Although this
other changes. In all cases, the better the input infor- requires some knowledge of GPSS, it makes simula-
mation, the more accurate the output data will be. tion an extremely valuable tool.

o
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VOLUME (CU. FT. x I00) PER ACCUMULATOR HEAD LOAD

ACCgL 67 913,17 53=, 35aiTe

I ' '_ I !!500 67 _8 76 E8,8 7| 5_ ==

t_ _ _'_ '_:_ _ to
• , 883000 0 0

Figure 8.--Simulation output: productivity tables (L
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, NUMBER OF TREES PER ACCUMULATOR HEAD LOAD

AC •

AGE REMA

6 26 6.s _:_ ._o .1.22_s _ _ _2._ _o ..oo
] 7t4 26 77 78,9 21.1 t 20 ,_

365 13 e9 Q2,6 7,_ El 60 _,_'055 1o7 . 7 39 100,0 .0 O0

NUMBER OF TREES PER SKIDDER BUNCH

TARLF ENTRIES IN TABLE MEAN ARGUHENT STANDARD DEVIATION SUN OF AQGUMENT$
BT§_E _8t 13,85 6,37 66_3,

. LIM_' FREO_E_ OF T_AL,I "_'CENTAGE REM-.-DE_ M_ _EAN.I, Fk,M -t.8"MEAN2 2 _ 99.6
$ tO 2 o_ __ _7._ :|_ -_ _o5 8 9_,2 -1 5_

3 U 78 2_ 3 75.7 .57 .,9I
_5 S 20 29 5 70 5 ,65 -.7_

• _'0 _5 S 20 3Q 7 65 3 ;;_ ".'0o __ _ _ _ -._

i 2i _ _i7 5_ t.86 "

690_ _ _7 6 .9_ ._2_3

b 3 33 76 5 23 5 _80
8 3 7_ _0 2 %9 8 ._ q6

b 3 33 _b 9 1 I !

OVERFLO, 2_ _ 99 100 0 ,0 ,

I

Figure 9.--Simulation output: productivity tables (II).

i
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DISTANCES (FT) BETWEEN CONSECUTIVE BUNCHES

_81 25.93 , l_.U7il.

R _O_BSEQ_V_ED PERCE_IT CU"ULATIVE CUMULAT!VE MULTIPLE DEVlITION

LZ o
558u 12 Ob ,9 . 0.00 -.q¢l

5 37 6 c) /42 /4 57,6 :5797 -,3q5 0 530 .0 7 -.2t

2,, _ ,_3 22_ t_ '!_9 2 20 8 54 ;

,. 3 _ ,3

ovE,,,L.-o7° ;' "'_. _ooo o "

VOLUME (CU. FT. x IOO) PER SKIDDER BUNCH

F A GUI_E TS.
o o 17,

L1 T F QUENCY OF T_,. &L PERCENTAGE REMAINDER M_AN FROM NEON

500 19 3 95 b q/4._l ,2q -1 5_
000 _8 3 7" q /4 90 6 39 "t500 6 03 15 _ 8_ 6 :_lq -

t000 .'43 b 8b 22 Z 77 8 .Sq -o88500 38 7 0 30 1 69 9 .,q. -.
_1000 30 6 2/4 3b /4 63 6 .79 -._5

,.'. .'io0 _ 8 /4/4 9 55 ,88 .

,Oq '_0

,oo I! ,,. , ,o, ,_1 q9 7 23 9 . 8

_ooo 7 __ _ ,, _,. _._

'!i '° " t0

tO000 _ . o9 8 , .98 :_10500 l .20 tO0 0 .0 2,07

Figure lO.--Simulation output: productivity tables (III).
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Table 6.--Sensitivity of the simulation LITERATURE CITED

Changein Productivity Bradley, Dennis P., Frank Biltonen, and Sharon
run parameters Tons/hr. Effect Winsauer. 1976. A computer simulation of full tree
Standard run 16.66 field chipping and trucking. U.S. Department of

Decreaseshearingtime 17.48 Increase5 percent Agriculture Forest Service, Research Paper NC-
129, 14 p. U.S. Department of Agriculture Forest

by 10 percent _ Service, North Central Forest Experiment Station,
DecreaseSwing& drop 16.84 (1) St. Paul, Minnesota.

time by 10 percent Bradley, Dennis P., and Sharon Winsauer. 1976.
Increasetravelspeed 16.70 (1) Solving wood chip transport problems with com-

by 10 percent puter simulation. U.S. Department of Agriculture
Forest Service, Research Paper NC-138, 8 p. U.S.

Increaseaveragenumber 17.82 . Increase7 percent Department of Agriculture Forest Service, North
of trees in accumulator Central Forest Experiment Station, St. Paul, Min-
headloadfrom 2.5 nesota.

to3.5 Bradley,Dennis P.,and Sharon Winsauer.1978.
Increaseaveragenumber 16.72 (1) Simulated full-tree chipping: Model compares fa-

of trees within reach vorably to the real world. Forest Products Journal
from 14 to 16 28(10):85-88.

Increaseaveraged.b.h. 23.94 Increase43 percent Schriber, T. J. 1974. Simulation using GPSS. 533 p.
by 1 inch John Wiley & Sons, New York.

Increasefrequencyof 14.64 Decrease12 percent Mattson, James A., Dennis P. Bradley, Eugene Car-
mechanicaldelayfrom penter, Sharon Winsauer, and Jerold T. Hahn.
1 percentto 2 percent 1978. Forest residues energy program_---final re-

port. U.S. Department of Agriculture Forest Ser-
of the cycles vice, North Central Forest Experiment Station.

_Nomajorchangeinproductivityobservedforthislevelofchangein Contract to ERDA, Contract No. E-(49-26)-1045.
parameter. (U.S. Department of Energy Report TID-28416.).

U.S. Department of Agriculture, Forest Service.
1978. Forest residues energy program. 297 p. Final
report. U.S. Department of Agriculture Forest
Service, North Central Forest Experiment Station,
St. Paul, Minnesota.

t
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APPENDIX A

VARIABLE LISTS AND
DEFINITIONS

Definitions NMDLY Distribution of nonmechanical delay
times in each cycle (including cycles with

IMPLICIT TIME UNIT-- Centi-minute zero delay).
MODEL SEGMENTS, TRANSACTIONS, AND PA- REACH Distribution of trees within reach from a

random spot.RAMETERS
Segment 1--timer SNORM Distribution used to obtain a normal dis-

Transactions--1 time keeper tribution for sampling with a mean - 0,
Parameters--NONE variance = 1. Lower end truncated.

Segement 2--feller/buncher
Transactions--feller/buncher
Parameters Savevalues

P1--not currently used. '
P2--clock time marking start of cycle. ACLM1 Mean accumulator head limit (number of
P3--next location of feller/buncher (distance trees).

in feet from the beginning of this strip or AVDBH Mean stand diameter (inches x 100).
row). AVHGT Mean stand height (feet).

P4--current location of feller bunches (dis- AWOL Mean vol./acre (cu.ft. x 100).
tance down strip in feet). BNCOM Number of skidder bunches complete and

P5--tree number being cut. ,ready for skidding.
P6--limit for trees in accumulator head (hum- BNDIA Sum of diameters of trees in the bunch

ber of trees). (inches).
P7--maximum size of skidder bunch at- BNDIF Distance between bunches (feet).

tempted (sum of diameters). BNLM1 Limit forskid bunch size-- maximum sum
P8--diameter of current tree. of diameters.
P9--distance feller/buncher must travel to BNLOC Location of bunch (distance from end of

next set of trees, strip).
P10--number of trees currently within reach BNTRE Number of trees in a bunch.

of boom. BNVOL Volume of bunch (cu.ft. x 100).
Pll--actualsum ofdiameterofaccumulator BRKTM Totaltime spenton breaks (centi-min-
load. utes).

Pl2--totalvolume inaccumulatorhead. DAYS Number ofdaysworked.
P13--number oftreesin load. DBH Diameterbreasthigh (d.b.h.)ofcurrent

, tree(inches).
DELNM Totaltime lostto nonmechanicaldelays

Functions (centi-minutes).
DELYM Total time lostto mechanical delays

ACCLM Distributionofthenumber oftreesinac- (centi-minutes).
cumulatorloads. FBACC Totalnumber offeller/buncheraccumula-

DBH Distributionofdiametersinthestand, torloads.
FBDRP DiStributionOfdroptimes. FBDIS Totaldistancefeller/buncherhastraveled
FBMOV Distributionofthedistancesfellermust (feet).

move toreachmore trees. FBGPH Feller/buncherfuelusage(gal./hr.).
FBSHR Distributionofsheartimes. FBHR Totaltime fellerhas worked (hours×
MCDLY Distributionofmechanicaldelaytimesin 100).

each cycle(includingcycleswith zero FBOUT Distancefellertravelstogettothewoods
delay). (feet).

.

_4



FBTIM Total time feller has been on job (minutes Queues
× 100).

FBTRE Total trees cut. BREAK Coffee and lunch break time.

FBTYP Feller/buncher type; tracked = 0, rubber- DROP Swing and drop time.
tired = 1. FBSHR Position and shear time.

FBVOL Total volume cut (cu.ft. × 100). FBTRV All travel time.
FTRV1 Mean travel speed (ft./rain.). MCDLY Mechanical delays.
FTRV2 Standard deviation of travel speed. NMDLY Nonmechanical delays.

[ LASTB Locationoflastbunch.

LBCFT Densityofplotspecies(Ib./cu.ft.). Variables
MVSTP Distancefeller/bunchertravelsbetween

strips. ACCLM Accumulatorhead sizelimit(number of
NUMFB Number offeller/buncherson thejob.
STPLN • Lengthofstripor row'(feet), trees).
STRIP Number ofstripsharvested. BNDIF Calculatedistancebetween bunches" (feet).
TRpAC Mean stand density (trees/acre). BREAK Time between breaks (centi-minutes).
WKDAY Length of work shift (hours). _BRKTM Time spent on breaks (centi-minutes).

BUNLM Skidder bunch limit (sum of diameter).

Switches DELNM Nonmechanical delay time (centi-min-
utes).

COFFE Set by timer to indicate coffee break. DELYM Mechanical delay time (centi-minutes).
DAY Set by timerto indicate beginning of work FBDRP Swing and drop time (centi-minutes).

day. • FBHR Total hours worked.
FBMOV Distance feller/buncher must move to put

FBMOV Set by feller when he must move (no more more trees in reach (feet).
• trees in reach).

LUNCH Set by timer to indicate lunch break. FBSHR Shear time (centi-minutes).
STRIP Setby feller/buncher when he has cut the FBTRV Travel time (centi-minutes).

last tree of current strip. MCDLY Length of mechanical delay (centi-min-
utes).

NEXTY Next harvesting location down strip =

Tables current position + 95 percent distancetraveled (allows for travel not in a straight
line).

ACCTR Trees per accumulator load. NIGHT Remainder of 24 hours after work shift
ACCVL Volume per accumulator load (cu.ft. × (centi-minutes).

100). NMDLY Nonmechanical delay time (centi-min-
BDIA Sum of diameter of trees in a skid bunch utes).

(inches). REACH Number of trees within reach of boom at
BDIF Distance between bunches (feet). current feller/buncher position.
BLOC Bunch location-- distance down strip SPEED Travel speed (ft./rain.).

(feet). STEND Distance to the end of strip (feet).
BTREE Number of trees in skidder bunch. STPLN Length of strip or plot (feet).
BVOL Volume per skidder bunch (cu.ft. × 100). TDIAM Tree diameter (inches).
FBTIM ' Cycle time for feller/buncher, from drop to TVOL Tree volume (0.01 cu. ft.).

drop, including delays (centi-minutes). WKDAY Length of work shift (centi-minutes).

°
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APPENDIX B

PROGRAM LISTING

J i B i 1 i i o t i D u i e Q Q i D i o o o i o i _ Q i Q o • Q Q B • •

_o ,• • FELLER BUNCME_ $IMULkTOR
• * UPD&TED JULY IQTq

• -

• ENGINEERI4G PROJE T H0 GHTON e MICHIGAN

• DENNIS P. _RAOLEY

• D D g O _, g g I g D 1 _ _ _ g o g _ _ 0 Q I _ e R _ _ • _ D O g O _ I

, e-

lli "
, * MASTER TIMER AND REPORT GENERATOR

• o g o _ D _ _ _ 1 _ _ g D g _ Q Q Q o _ g _ _ D Q n _ I g o B u _ D

• " THE HOURS WORKEu___D SWKDAYw AND THE NUMBkN OFDAYS WORKED(ARGUMEN A eS ART, CARD)I: "
Ii " **** IT ALSO C,LCULATES OUTPUT VALUES.VALUES TO BE SENT TO HELP BLOCKS•

M• U

• B__ _ i ABBL__ _t_K(2QK- WKDAY)*boooY/_*6000 _;HORKDAY_TWEE2_IN HOURs_E_TIREA__NTE$

• TIMER GENERATE 2
NXDAY $AVEV' D&VS@;t NUMBER OF CURRENT WORKING DAY, •

• o,_ i°_x_°Eo,,DVA.CE VSBREAK TIME FOR COFFEE BREAK

' s i°_x.E _[.• b VSB A WORK UNTIL LUNCH TIME

o _ - IOGIDVA_C_ __AK AFTERNOON COFFEE

. _ _o_xs :o_[ .
• 1l OVA_CE VSB A

l END OF WORK DAY
_5o LOGI Y, iov._c_ _t,xc,, ..x, u,,x_,E_T.o..x._46,

" O t

_, , , , • HELP BLOCKS GENERATE REPORT.AT END OF EACH DAY• * * * * REPORT VARIABLES

•• 3 SAVEVALUE FBHR.V$FBHR HOURS FB HAVE WORKED -

_9o54o'• : t_ F_MB _VARIVAAVVAIfI_: _$BR_M/DE_' 60DE_NM NON-MECHA ICAL DELAY IHE OF FB

• ' _K*GC$BREAK

O, BELYM VA : 8_$MC Y._C$MC_LY

_I E_NM _ R QC$NM Y

VAo

• • • • STAND DATA AND MACHINE CHARACTERISTICS REPORT

X A HGTeX$TR AC
• 7 HE P $YSTMeXSAVVOLexSAVD$ H_CL SF_TYP MI

, • _. ,_cu _,_Cx.I," _I__"_
• • • • • FELLER BUNCMER PRODUCTION REPORT

ME•f_e * NUM OF FELLE e

• F STRE X F V X NCO B X$FBDI$KI_ BUNCHE_ MPL_+_$F _R_CO _ T ROURSeT VDe 0 DIST T A BLEDOL_

lli "• NUM OF ACC __, e 8_B_I+ LB/CUFTe TOT V GAL PER HOUR USED• wOO ULe

|1 ouT,_9'x ,xo,,
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tl' • t • t • t • • • • • • t t t • • • • • • • • • t t t • • • • • • • • •

06i ,
GENERkL FUNCTIONS NEEDED IN _ODELI)7,,.°, ...................................

• • , , FNSSNORM15 USED TO OBTAIN A SAMPLING OF AN APPROXINATELY

[,_ _ , NORMALDISTRIBUTION OF MEAN 0 AND STANOAROOEV 1

• NOTEI TO AV_OIDDATA LOSS FROM INTERGERAZATZONe

i "" • _UNCTION VALUES _AVE BEEN

: • • oW_ AE_N.t• • . TZPLE . FNS_SNOR.t $.DEV)/IO

• NOTEI LOWER END OF FUNCTION HAS BEEN TRUNCATED
• TO kVOID NEGATIVE ADVANCE_BLOCKS
t, WHENSTANDARD DEVIATIONS ARE LARGE
t

SNORM FUNCTION RNEIC200 " t0 66 w= S 5 ," t I 07 • I l e8 Z 61 -6t05 edl

_rq3_S_'e151oq772p20toqq38e25109986t30_e9999e_lOt|, e50
J • • O • D • • • • • • I • e O • Q e m I .I l • • Q • • e • • g g • •
Q •

e, TRACKED TYPE FELLER BUNCHER

I • g • 1 g • D • g g g e • • 1 • D • I g g • • • • • • I • • • g • •

Q-

• THIS SEGMENT I8 A FELLER BUNCHERWITH A BOOMMOUNTED8HEAR
• IT CAN BE USED A$ A SINGLE _TEM OR ACCUMULATING HEAD FB
• THE FELLER BUNCHERI$ ASSUHED TO _ORK IN _ _IOtZAG PATTERN

• : • OUT ONE STR_P BACK THE NEXTo
• THE FB COMBINES MULTIPLE ACCUMULATORHEAD BUNCH[8 TO OBTAIN A

• : BUNCH BIG E_OUG_ FOR THE 8KIDDERo
lk

FELLER OUNCHERPARA_ATER A$gIGNMENT8
• Pl NOT USED
• P IH

• P_ CU [N ACCUHU T
• P? CURRENT BUNCH _t I._A_i
• me TREE OIA
• P OIT F _Ik TR• ,_o , t, _ , h, Av_

_ _N HEAD
• ,,, .u. _;ot,._ ,cc_,°• P|2 TOTAL VOLUHI[ | _,C

•, * P!3 NU.BER Olr TREE:_ N _OAD
'" O :

e, : • , • GENERATE FEI.t.lR BUNCH[R8 e INITII,,IZ[ J_CCiliAD

ee* : • • t DEFINING VARIABt,[8 FOR F[I.I, ER BUNCHER

•' "lil!f Iti - , ,   fii' flVARI, P_-XSLASTB OISTANC I' HE.. v,,_, ,,.,,_oo.,_ N_ ¥_ ,
:. . • v,,x, ,_.x,_,,_, o_i;_¢.l_cx _".x T)
• Pl2eOe500._O CYCLE ATA

P|3eOetel2

o xIo,,,TAE,3,_,|_ CREATE
o E AB BUNCHX BND F_ e IS
• xl Nt,, c,S, 50' I_v8E' ,,,|.v_.o. _,oot
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i , / , • • ZNPUT DATA

e •
• •

• FBTRV FVARZABLE TXNZN e

• 8PEEP FYAR ABLE XIFTRV|¢XIFTRV_,FNISNORH [E P9 i P• FBSHR FVAR FNSFB$HR PO ZON 8HEAR TZHE "
• FBDRP FVAR PNSVBDRP $WZNG AND PROP T_ME8
• I

• •

H MORE
N$S V OZST FB MUST MOVE TO TREE8

• _8,P8-283)/10 TREE VO N TE DZA(8)
THL $ | RM8 OF P1oo OF CU FT.

• t DEFIN|NG FUNCTZON$ • HACHZN[ DATAe
e *

]]i • , THX8 |NPUT DATA *A8 OBTAZN[D FRON ACTUAL TZN[ 8TUDXE|

•" *aa s • I '''z[o _t,__;,.sg'e
• C MF N

.,_.L. u. t.,_3,T1oN,.4 , ,,_, z, ,cc,E,o
• F x F NC HZ• _,....,,.o,. ,2o,. , ,.,,,,o,.,,,_o,.,,,,o,.oo,,70tl,OwqO

w

N|N AND DROP TZM[ |N CENTZmMZN

'..,;_,6 , o,1o,• _.o,,, . , .,,,s Yo_I_ , , , .I_0 _0 ,99wSO/e99S 6 70

• t DEP|NZNG FUNCTZON8 • STAND DATA
e *

• • _ ,$to2ee_t, e 96 7/ B/| 0 _REE

DZAMETER ZNCH[8

• e_l• o _ e o o86e o

: ,,t_,_o,,I|o "
i *
• .CDLY FUNCTZON RNboD||_. MECN,NXCAL DELAY

;_____I:_:__'__oo,._ _,so-,,,,_oo,.o,,,,_o,o,,,,oo,,,,,._ooo• __,.. . , , .O_/loO_
• N"_L_FUNCT_H RN D'' NONtN_CNAN_C DEL

• __o_,, , t s__,,o_.oo_,,o,.oo.,_,oOOt_' ' _0,,,_l,o_._o__tt.o ,,O,o,,,,_oo• ll! ,
o • • • • INITIAL CONDITION8 FOR 8TAND

. : ,,o..,..,t,oi
: ,t_v_, ooo cu,_,,c_.:oo
: M S Pe O_ tANC[ BE_NE_N _T_" t:t ._=c,,, ,, cu, .,_o ,_,o |,KDAV,_ S _8 _N A NOOK DAY Ip$
O t
• , • • , ZNITIAL COND_TZON8 FOR [QUZPHENT •DATA TAKEN FRON USF8 MPH TIME 8TUDY

" Ii I tf lip N'°°'°::' _ _ _ !;R_ : M ADo DEV. _RAV[L 8PEE_ XFTININN

l

: x , ou_,oo z,__ _.,v_: _o,ODDS
e *

• s,_l _:,
• ENDi
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)** n,U,ROUTX,E, sv_].cx.,)ox_.e,,sxo,x_(3, A l/O/

(_* A 'S ; ,/_ FU L TREE FIELD CHIPPINiG '

7. B '_(_;t As '• c+ o , xc_u_e.,,_.o.,x'l_ot,_.))F,oc)ucls, rtXNe_..C.
II'

) I). , _io,s,,,. ., N.Z,,..,,,oLCy,CONO.S,'" I" ,.ZG WINSAUERd, P_ RAMMER / )

.t "

:. c
f .

_,,o,:.,T_l;o,.! sI,,oc.,,,:,cTE,,xsTxcs,,_./,_.O,u,_._,.cu_ ,,
5, AVE VOI UME

'I" _.,_,,lF,_,,_ _._._,_cu))'+,' 8)"'" '"_.''_._""I * D'PER ACRE 'llHO, t2,2,' A.,..,-iAGETREE S ,el '1)

A ?)_IHI. )TE CHARAC E ZSTZ_?, _18_ _:_ UINE*,M WITH A_(_OuXu AT SH
C _, _'I MACHINE LIMITATIONS * )

2.*

/4AFtAORM _(_! SYSTEM _ 'R T '_7. ..x,,_u.,_. l_;_:._x.,,c.x,_cl'_l°x,_o_,)''.,c..,_.,
28, C
29, 5 FORMAT(IN e 1/4Xe ITHE SHEAR CAN HANDLE ONLY ONE TREE,t)

** bAFORMAT(tA LOADIHo_ IOX_ ItTHEF6ACCUMULATOR-SHEAR1,.TREES ) WILL TRY TO OBTAIkt,U_ .0 _ ,
33, C
3_¢, 7 FORMAT( HO 8 'BUNCH LIMITATIONS DICTATED BY SKIODER CAPACITYI'I

3b* "B _Kt DER tJN__E_i_ UNC _RIuTOo_CHt'EV_" ', _,,_._;_,s_u,_TO,,
37" C F6,I_ t INCHESt)
38, C

• ilt C

• x !t ,,,"s" iF z , Ix=,
I _*.• CI ,.,. _oCO,TX,U_
: 50, AVVO_ XIllO0

, 5_*, C AVVO k = .._ERAGE V_LUMN PER ACRE - CUFT.
i _, C ACDBH = AVE_ 0 _H = INCHES

5/4, AVHGT:X_55, C AVHGT : AVE AGE TREE HE IGTH - FEET
.SOw, _ 'rRPAC=X_

: AVERAGE NUMBER TREES PER ACRE
57, . C TRPA_RsPC=58,_,, __._, ,v_,,_°__(/4356, PAC 5

,o, _"t'[(°I'
' 6_, WR (6_} AVVOLe AVDBH_ AVHGT, TRPAC_ TRSPC6 * RE TURN

63, C
6., 20 CONTINUE
65, NUMFBz%
b6* C NUMFB = NUMBER OF FELLER'BUNCHERS
67, ' ACCL M : X2

68, C ACCLMBACCUMULATORFT LIMIT SUM OF DBH
_9, YP:w L3O, C FBTYP FEL ER BUNCHER TYPE 0 : DROTT I = RUBBER-TIRED TYPE

"I"T: BUNI,,M i ./,Ii i!. IM:IT !
77, WRI E ( 7) L
78, RETURN
79, . C
80, END
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D AYmX_I/
• D NMzX5/IO0
• RE URN

• ,,,,o,.• ,,__(,oEo_o77. C FBVOL : VOL EL_ ALL MACHINES

• C FBCNT FELLER-B HE_ VOLo IN CUNITS.
i . • BNCOM " %(] -

81" C BNCOM = BUNCHES COMPLETED
82 • FBHR = X_I(.=tO0,

J 83* FBDIS D=IS8_1, C FBDIS = . _". TRAV, ALL MACHINES
RN

' INUE

. c _,,c_c- AUMBEn OF ACCUMULATOR COMPLETED CYCLES
I 80, WDEN 2

'l" c _ou_o_o_Xo_DPE_ ,oo,_" F_""" x"_l,OT,L°_, ONSU_ED
' C

q7* . • , e ,BREAKwDELAYwDELNMeNUMFB
08, C '
oq, FBTPC = NTREE,! /FBACC

P_RC_CE
' TREEFSBVO FBA_C

Oq* C e e _,

'85"7 FBTPB i( /4NTREE*'F_BNCOMBTPB
• A TREES R COMPLETED BUNCH.

Oh, C FBTPB = E.)BNCOM
I , WRITE , e08, C
109, FBCPB = FBACC, l,/BNCOM
I 1 O, WRITE (b, S) FBCPB

FBV_B AVE,
X_ _ PER. BUNCHL,-BVPB NTREE FBVOL FBTN5 FBDI@WRITE (6 , , , , ,

i 5.* C
11b* CYCHR = FBACC/FBHR
i 17, WRITE (b, 7)CYCHR

" -1lB., C

I_: FBBMH = BNCOM/FBHR' C FBRHH = AVE, BUNCHES PER MACHINE HOUR

I_!! FBTMH = NTREE/FBHR

C FBTMH = TREES _ELLED PER MACHINE HOUR

• FBV.qH : FBVO_/ FBHR
_)5,. F ATH : FBTNS HR

b, C FBAT AVERAGE T PER HOUR
7, FBDMH : FBDIS/FBHR

• 8, C FBDMH = DIST, TRAV PER MACHINE HOUR
IEq, WRITE (b _8) F_BMH,FBTMH_FBVMH_FBATH_FBDMH
1.30, C

tI_* C FELL_R-BUNCHER GALLONS/HOUR, , F GPT = FBGPH/FBATH

*13, C FELLER-BUNCHER GALLONS PER TON

_. FBGPC = FBGPH/(FBVMH/IO0)
, 5,- C FELLER-BUNCHER GALLONS PER CUNIT

6* FBTGU = FBGPH,FBHR

' ]!i WRITE(b, tl)FBIGU,FBGPH,FBGPT, FBGPCt RETURN. $ ' END
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APPENDIX C

COMPLETE FLOW CHARTS

FELLER BUNCHER SEGMENT FLOW CHART FELLER BUNCHER SEGMENT FLOW CHART

(Page I of 4 ) (Page 2 of 4)

(TREE) I__

,F

FELLER BUNCHER F 5+,I _'_ AND NO

_ _w_8,V$TDIAMJ DIAMETER

_'_S UE_ INITIALIZE _ IP____

AVEVAL STRIP NUMBEROF
COUNT TREES IN F.B.'s YES

I STRI'P,II REACH, (TREE)CURRENTLOCATION

ACc.INITIALIZEHEADLOAD _ , _ I_HEAD FULL
I ADV _,NCE SHEAR

• TREE (DROP)LIMIT, BUNCH ASSIGN DISTANCEF.B I VSF}SHR I
SIZE, DISTANCE {If9,VSFBMOV-- WILL HAVE TO
TO WOODS _ 3,V$NEXTY ] MOVE, l I PAGE 3

NEXT LOCATION

"_ -__ _ I DEPART _ RECORD

SHEAR FELLER

MARK --, START OF • I FBsHR [_-_ TIMES_, CYCLE I LOGIC h F.B HAS TREES (DONE) I LOGIC I_I MUST

I RESET II IN REACH I I SET II MOVETO
1, I FBMOV _-(DOES NOTHAVE V I FBMOV _ NEW' TO r"IOVE)

s, oT
• F I /A°°'°. . ,,_,v To,,,,.O,A,_r_,,

(DROP) _ 13+,I y OF TREES'I F.B. DROPS TREE IN ACC. HEAD

I ADV;NCE I TRAVEL _NO IT CARRIEDWITH.

I VSFITRV J" TO rlExT PAGE3 _l JE_ _s I 'i _]

LOCATION. SAVE DBH TRIP)I kOG

TRAVEL

I FBTRV _ TItlES PAGE2 _ NO_

ADD TREE ---.---Im,(DROP)

VOLUME TO
RECORD HEAD PAGE 3
TRAVEL DISTANCE DECREASE BY I

NUtIBEROF TREES

FBDIS+,P91 _ STILL IN REACH (FBMOV)

PAGE 1
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FELLER BUNCHER SEGMENT FLOW CHART
(Page 3 of 4) FELLER BUNCHERS_GMENT FLOIJ CHART(Paqe of 4

(DROP-') (BUNCH)_ r

" _ r T'_BU'ATE1 I LOIC

i b io , ,u,c.QUEI l PRODucTIOtlI "'1 I LU :H I_'

I oR, NMDLY .. _

I r 0_IN_ I _ IiqITIALIZE _;_ ADD BREAKS

BUNCH TO F.B. TOTAL

I I SI_/iNGAND NON MECHANICAL DATASTORAG TIMEADVANCE

' I vIDR°P I DROP DELAY- '
ACCUMULATOR I F .ANY

• _' I Quiu_L_ R_co,o
DROP TIMES

DELAYS I

I r NO
RECORDBUNCH RECORDFELLER'S -_ SHIFTOVER,

_ LUE_ _S _ TOTALLOADS WAITTIL
SAVEVA LOCATION, AVEVALUE TOTAL VOLUME ? TOMORROW
• - ADD VOL, SUM OF ]YES

I BuNcH I DIA, A,"IDNUMBER I I TOTAL TREES _YES

i DATA i OF TREESTO F.B. TOTAL TIME I
ACC. HEAD PROD. I ADV#ICE 15 MIN -

. _ 1 15C, COFFEE 2) '_RKSTARTOFCYCLE
BREAK

I MC[LY " I PRODUCTION _ (TREE) AT THISLOCATION
.i

PAGE 2

VSM DELAY IF MARK _/ START I'IEW

I - CYCLE NO END OF
DLY . I ANY _' STRIP,COUNT

I "DEPART_ RECORD _ INITIALIZE A3oo_E

MECHANI CAL ACCUMULATOR I II TM _ DELAY HEAD _C_ " I LOGIC I'--IRESET IT

(FB"OV)I STRIP
" _ PAGE__I_

(TREE) _ (BUNCH)
PAGE 2

'_H_ELLER HAS TO MOVE TINER SEGMENT FLOW CHART

ET - V PAGE4

(BUN

PAGE 4 CREATE
I

TIMER

(NXDAY) COUNT SIGNAL
NUMBER FELLERo
OF DAYS COFFEEBREAK

WORKUNTILENDOF
I LOGIC h TIME TO SHIFT
I SET IT START
I DAY I'_ 'UORK

I TIME TO
QUIT FOR

I ADVANCE I _',ORKUNTIL TODAY' TIME FOR

Iv_,_,_,,.,,<I com:_,_R,_A,< T
, I AOVAN(:_I "A_'IT VSNIGHT UNTIL

i L_;ch SIGNAL I I .o_,,,o
FE I-" FELLER• I CO COFFEE BREAK

CS E_ CALCULATE
,, AWkWArD_L_

TIME FOR IREPORTI NON PRODUCTIVE
LUNCH IvARIABLEI TIMESI VSB'EAKI

I LO' h HSy_'I _ PRODUCE

SI_C SIGNAL 1 El FORTRAN

I FELLER- PRODUCTIONLUICH I-_ LUNCliTIME REPORI

T

. I ADVANCEI WoRKuNTIL
I VSP,RLAK 1 2NDTIMEBREAKFOR if"(rlXl)AY)



. APPENDIX D

CARD FORMATS AND SOME GPSS INPUT 'PES

INPUT TYPES AND CARD FORMATS Col.
For more detailed information see a GPSS manual. 2 8 19

1. SAVEVALUES NAME FUNCTION RNI,DN

Savevalues are integers that can be accessed at .Xl,V1/.X2,V2/...
any time during the run. In the program their form is
X$NAME where NAME is the particular savevalue NAME is the function's name,• RNI = one of eight random number generators
of interest, assigned to sample,

Savevalues may be set to zero before the run
begins, or may be given an initial value, X. This is D = function type: discrete, continuous, list,
done with an initial card of the format: N = number of points in the function,

XI = percent of items in distribution at that
Col. 8 19 value or less expressed as a decimal (cu-

mulative), and
INITIAL X$NAME,X VI = value of the function.

INITIAL X$AVDBH,5 For example, Data for function TDIA (FN$TDIA):
Sets the savevalue AVDBH to 5. Percent trees

Note" These INITIAL cards must follow all other Tree diameter in size class Cumulative percent4 15 15
cards .in the deck except the RMULT and START 5 25 40

• Cards. 6 50 90
7 10 100

2. VARIABLES Card image forGPSS:
Variables areused to calculate integers anytime Col.

they are called during the run; they can be defined as
algebraic equations in terms of constants, saveval- 2 8 19
ues, functions, or even other variables. They must be TDIA FUNCTION RNI,D4
defined at the outset with the following card format: 15,41/.4,5/.9,6/1.0,7.
Col.
2 8 19

4. RMULT and START

NAME FVARIABLE Defining equation GPSS has eight random number generators avail-
able for use in the model. This allows use control over

TVOL FVARIABLE 133*X$DBH*X$DBH/10 the samp!ing from distributions, making it possible
This defines that tree volume will be calculated by to harvest the same stand repeatedly while isolating

TVOL = 13.3 (DBH) 2. the effect of a change in one of the machine parame,
During the simulation run, variables are called ters, such as travel speed. The RMULT cards control

and computed by using V$NAME; for example: the start of the sequence for each random-number
Col.. 8 19 generator.

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

The card formats are as follows:
3. FUNCTIONS . Col. 8 19

Functions supply distributions to the program. RMULT A,B,C,D,E
They are called in the program by FN$NAME where START N,,S,1
NAME is the particular function of interest. There A,B,C, etc., controls the sequence for random number
are several types of functions available; only one generator, 1, 2, 3, etc., respectively.
sample, a discrete function, will be given here. N = number of days the simulation is to run, and

Functions consist of two or more cards: S = number of days between standard outputs.
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