AD=AD032 700

UNCLASSIFIED

DARCOM INTERN TRAINING CENTER TEXARKANA TEX F/G 13/8
INVESTIGATION OF AN AUTOMATED MATERIALS HANDLING SYSTEM USING A==ETC(U)
NOV 76 R J ROSENTHAL

DARCOM=1TC=-02-08=76-225 NL







Report DARCOM-11C-02-08-7(-225

INVESTIGATION OF AN AUTOMATED MATERIALE

HANDLING SYSTEM USING A GPSS SIMULATION

Ronald J. Rosenthal

Product/Production Graduzate Engineering Program
DARCOM Intern Training Center

Red River Army Depot

Texarkans, Texas 75501

F_MIOI for '__L/
- White Sestics %y
" Bt Secti (O
ANROUACED o
RESTIEIGATION ... P
November 1976 i

DISTRIBUTION/AVAILABILITY GODES
W, AVAIL and/or SPECIAL

Final Report H

!

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

DDC
(N0 Are

NOV 29 1976




= | ! | $ ‘
4 : '
9 } i - () . ) i
" YT
|
|
i
|
LOY)
Ol o

2 INF N
AREA & WORK UNI

(L Lo ST AT A

Lromoved Lo putlic release;

1 Reporf)

15, SUPFLEAENTAF

18. KEY WORDS (Centinue cn to

o
Computer Simulation
Discresve Models
Automated Materials Handl
GP3S Simulation

an

9
and transfer mechanism fa
GrsSS simulation model 1s
The modular design makes
complex models oi larger
models arc easily generat

W

sids if necossary and !dentify by blcck numi

k nueetber)

(aftiF
1 handling

1lures.

used to study

it a good basi
similar physic

ed through the

4
L¥

2V L
The development o
1d analyue

-3
Ll
—
¥

al

1
sysiem wi-
14!

188 O TBBe?

A

he wval

(e At o

coONncents .

e —

t--'-——;-o«m - —— 20w

& 1512 3 Ape P
DD LS00 TT3 eormon oF 1eoves s

OUSOLETE ] 1

SECURITY CLASS

oy

/ﬂ)




FOREHORD
T L H 1 disc (SRS | She
/v
A ‘ (@] ( ( Q¢
- v )
Pros (ol { B
such, % i ;. conce £
: tl t Lo ¢ reflece
2 1Ne P38 80 Il ( LItk 110U ! T SLieCe
approvatl or acecei nce DY he bDepariment 01 The ATrmYy.

release. [
Br . Herc |
Texarkazr .

Approved

for
contact:

rMC_PPR R DR e I S
) o Bl gl ol R o o 1 rmy Depot,

] £ [/
A NAACIA,
s

erchel

A/Cu., Depaz:

Lynch, fPh.D.
tment of Product/Production Engineering

’\ I"u

For the Commandant

szzve ¢’//" -
52 P iar A A o e D

t e
Jaties L. Arnett, Dire eclor
DARCOM Intern Training Center

e
e
[

i

e




ABSTRACT

This is a report of an investigation of the validity
of a conceptual automated material handling system with

mechanism failures. The

@

to00l, machine, and transfer

PSS simulation model is used

(o]

development of a modular

to study and analyze the system. The modular design

1

makes it a good basis for construction of more complex
models of larger similar physical concepts. The larger
models are easily generated through the use of "macros".

o

Results of this

w

tudy indicate the proposed material
handling concept can operate effectively. Recommendations

are given for further study of a more complex system.
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CHAPTER 1T
INTRODUCTION

New production line concepts are needed in manufact-

uring facilities in order to reach optimum production and

safety levels. The United States Army Materiel Development

(

and Readiness Command (DARCOM) is currently sponsoring an
ammunition modernization program to improve ammunition
production facilities. A projectile manufacturing facility
is to be installed at an ammunition plant with a new, fully
automated material handling concept. Since the production
facility is not operational, this is a test of a concept.

Among these are the number of machines per sub-system, the .

number of cradles per conveyor, input and output rates,

machine operation times, conveyor speeds, failure probability

distributions (¥TBF), mean repair times (MTTR), and all
measurable distances. - |
Controlled laboratory simulations of industrial

situations are now possible. The systems analyst can learn

quickly and at low cost the answers tha% would rarely be '
obtainable from manipulating the actual system.

This is a report of the analysis of a system which
lends itself to digital computer simulation. It provides
information on the validity of the material handling
system and how it reacts to tool, machine, and transfer

mechaniem failures. Although the discussion here is
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s e

restricted to answering specific questions of a design
concept, valuable information is given for larger and more

complex systems.
e

The Production Line Sub-System

The production line can be divided into several sub-

—

systems. Each sub-system's task may be different; however,
the material handling system is generally the same for each.
A sub-system consists of a two-tiered eliptical conveyor
with a specified number of identical machines located
between the two conveyors. (See Figure 1.1) An item or
unit comes into a sub-system by a straight-line conveyor
and is transferred to the top eliptical conveyor. The unit
continues moving on this conveyor until a machine can acceﬁ%
it. (See Pigure 1.2) At this time, the unit leaves the
conveyor and enters a machine's finite waiting space. The
machine accepts the unit, operates, and transfers it to the
lower eliptical conveyor. (See Figure 1.1) Finally, the
unit travels on this conveyor until it can move onto
another straight-1line conveyor; called a transfer
mechanism, which transfers the unit to the next sub-system.

An eliptical conveyor, henceforth to be called a
carousel, has a specific number of equallj spaced cradles.
These cradles are continuously moving and must be in line
with a transfer point to accept or reject a unit.

Finite waiting spaces or buffer zones are located at’

input and output positions of each machine. These buffer

IR SIRD SIS S BN RS A
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Transfer
Mechanism

Figure 1.1 Two-Tiered Conveyor System with Machines
(Side View)
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zones can be adjusted to hold from 1 to 5 units.

The transfer mechanism is a straight-line conveyor,
which transfers a unit from one sub-system to the next sub-
system at a constant speed. It has a discrete number of
item spaces and is automatically controlled by switches.
When the input queue to the next sub-system is filled,
these switches enable the transfer mechanism to detour
incoming units and stop moving.

All the necessary values and ideas were extracted from
project reports and drawings in order to insure model
validity. The mathematical relationships needed to
simulate a propcsed production line are given in Appendix A.

The data used in the model is summarized in Table 1.1.

The Modeling Approach

Digital computer simulations have increased dramat-
ically in recent years due to the decreasing cost and
increasing speed of electronic computers, as well as, the
improvements in problem-oriented simulation languages. Two
of the major advantages are: (1) computer simulations
allow study of fhe system without actual modification of
that system and (2) +the computer can manipulate
elaborate descriptive models that considerAcomplex
interrelationships and simultaneously deal with a large
number of individual units.

The GPSS programming language (IBM, 1970; Schriber, -

1974) was used to develop this model. GPSS was chosen due

e bl e ot e




A=

Table 1.1 Input Data

Factual:

Spacing Between Cradles
on Carousel
Width of Carousel

Assumed:

Number of Machines

Number of Cradles per
Carousel

Input Rate

Machine Output Rate

Conveyor Speeds

Carousel Side's Length

Circumference of
Carousel

Buffer Waiting Spaces

Distance Between
Adjacent Machines

i

Sub-System 1

w2 S P o

48

1 unit/sec
600 parts/hr
L1255 ft/8ec
96 inches

54 feet
3

32 inches

1]
H

Transfer Mechanism's Maximum Queue Length

Number of Repairmen = 2

A W Ve v et

8 inches
12 feet

10
66

1 unit/sec
360 parts/hr
1.0 ft/sec
160 inches

66 feet
3

32 inches

= 10

hasiiida iy



to the problem's complexity, the language's local avail-
ability, and GPSS's unique features. Other widely used
programming languages include SIMSCRIPT, FORTRAN, and GAEP.
However, using these languages for modeling complex systems
require abnormally large programs. This usually results in
a difficulty for an interested individual to understand the
model logic.

The production line was simulated as two connecting
sub-systems. (See Figure 1.3) This modular approach
allows increasing or decreasing the size of the model and
changing of any necessary input data. The oufput can be
studied for the validity of the concept, system reactions

to failures, and optimum maintenance scheduling procedures. -

Literature Review
The increase in simulation and modeling is reflected

in the literature of fields such as engineering, computer
science, operations research, statistics, economics, and
business administration. A search for information
revealed no prior investigationé concerning this
engineering problem. GPSS programming language texts and
manuals received the majority of attention. As mentioned

earlier, two important references are the IBM User's

Manual (IBM, 1970) and Schriber's "Simulation Using GPSS"

(Schriver, 1974).
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CHAPTER Il

THE MODEL

The task of interpreting the problem in the context of

o

GPSS was approached by a logical description of the
material handling system. Since sections of the model may
be confusing, an explanation of the rationale behind the

particular approach used is necessary.

Structure of the Model

The model is composed of a major model segment, and
three supporting segments. In the major segment, Model
Segment 1, the production line is simulated. "Model Segment
2 controls the failures of the transfer mechanism. Whether
the transfer mechanism is currently working is communicated
to the major segment through a LOGIC SWITCH. 1In another
supporting segment, Model Segment 3, machine failures are
simulated. A PREEMPT Block transmits a machine failure to
the ma jor segment. The final supporting segment controls

the duration of the run. !
Developing GPSS representations for the production line
presented many logic problems. Since it consists of two
similar sub-systems, sub-system llrequired the main
programming effort. Once this was accomplished, the task
was simply to repeat a list of program statemcnts with the

necessary data for sub-system 2. *

Each transaction reprecents a unit as it moves through
P

9
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Model Segment 1. Ten parameters are defined for each
transaction in order for the units to move in a fixed order

and record movement data.

Model Logic
A transaction asks a series of questions while it waits
on the input conveyor for a cradle on carousel 1:
Which cradle is currently in front of
the input conveyor?
Is it vacant?
Yes, move onto the cradle.
No, wait for .the next cradle.
To accomplish this in the model, a unit enters an ASSIGN
Block where the cradle number currently in front of the
input conveyor becomes the value of Parameter 1. The unit
then arrives at a GATE Block controlled by a LOGIC SPITCH.~
If the cradle is vacant, the unit continues to the next
block and puts the LOGIC SWITCH into the "Set" position,
indicating the cradle is now occupied. If the cradle is
occupied, the unit is sent through a counter, which
increments the number waiting in the input queue and then
. leaves the model. This is madé possible since the input
rate is equal to the time it takes the next cradle to arrive
at the input conveyor. The value of the Variable "SPACl1l" is
the cradle number currently in front of the input conveyor
for each transaction: |
SPACJ::Bthe number of transactions entered —l)/hé}+l

The brackets denote integral portion of a number. The

input rate is equal to the time it takes the next cradle to
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arrive at the input conveyor, thus, there is a one-to-one
correspondence between the number of transactions which have
entered the model and the needed cradle number.

Once a unit occupies a cradle, it travels on the
carousel from one location to another. Transfer point
positions on carousel 1 are at the input conveyor and the
machines. To simulate the movement of the carousel, four
GPSS Blocks are utilized. When a unit moves into the Block
"ASSIGN 3,FN$TOALl", the time needed for the unit to reach
the next position is copied into the value of Parameter 3.
It is then held at an ADVANCE Block until thé unit arrives
at the specified location. After arriving at_this location,
the position number becomes the value of Parameter 2. If -~
the transaction can enter the machiﬁe's finite waiting space,
it leaves the carousel; if it can not enter, it moves.to the
next machine.

The Function "TOAl" describes the time needed for the
unit to reach the next location. The data used in this
function is calculated with the following equation:

y. - distance to the next position
i

conveyor speed of carousel 1
where Y, is the travel time to the next location from
location i.
Once a unit has passed through a machine, it waits in
the exiting buffer zone for a cradle on carousel 2 and

again asks a series of questions:




1

'’hich cradle is currently in front of

this exiting buffer zone?
Is it vacant?

Yes, move onto the cradle.

No, wait for the next cradle.
This is accomplished with the same block logic used while
the unit waited on the input conveyor for a cradle on
carousel 1. The value of the Variable "OUT1" is the cradle
number currently in front of a machine's exiting buffer
zone:

: : 4 : s -1

OUT1= Btnc number of transactions entered - 1 + FOUTL)/48] +49

Notice the similarity between the equations for the

Variables "OUT1l" and "SPAC1l" and the brackets again denote

rr—

integral portion of their argument. The Function "FOUT1" is
a tabular value which describes the number of cradles =

3 between the input conveyor and each machine. (See Figure 2.1)

The concstant 49 is added since the cradie numbers on carousel

2 range from 49 through 96.

Once a unit occupies a cradle, it travels on the
carousel to the transfer mechanism. The Function "TOA2"
describes the time needed for the unit to reach the
transfer mechanism. If Zi is the travel time to the
transfer mechanism from location i, then

7 . - distance to the transfer mechanism
i .

conveyor speed of carousel 2

The representation of the transfer mechanism is

considerably simplified, since the operational character-

istics are nonessential details. It is modeled as a finite
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waiting area with a capacity of ten.

Finally, as units wait in an exiting buffer zone or
the transfer mechanism for a cradle, only the unit in first
place attempts to occupy a cradle. 1In order to stop all
other unites from trying to occupy a cradle, which would
be unrealistic and a waste of computer time, LOGIC SWITCHES

are used as holding gates.

Model Implementation

A small time increment of 0.1 second is used, due to
the rapid movement of the units during the simulation. The
selection of a larger time increment will cause consid-
erable round-off errors, due to the nature of the avail-
able GPSS.

The model is run for 6 minutes, with no failures,. to
reach steady state conditions. The statistics are then
reset to zero and a 12 minute run, with failures, is
started. Inspection of the second START card shows that the
card's Snap Interval Option and the signal for CHAIN
Printouts have been used. The'Snap Interval Option causes
statistical printouts to occur after the 6th and 12th
minutes of simulation. This makes it possible to trace the
behavior of statistics. The CHAIN Printouts are not
necessary; however, they give valuable information for
debugging the program and tracing a unit's movement.

GPSS provides an efficient method of system simulation.

The program was run on an IEM/360 and an AMDAHL/470. The
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cost of each run ranged from $7 to $10. It also required

an average of 196K of core for a simulation of twelve

minutes real time.

Verification, Validity, or Merit?

The production line studied has not been constructed.
While a rigorous verification of the model is impractical,
the runs made indicate the model is sound.

CHAIN Printouts enable the analyst to understand the
behavior of the model. Because events can occur
simultaneously in this system, but are caused to occur
sequentially in the GPSS model, the question of "what

happens next" in GPSS is of the utmost importance. An
explanation of "what happens next" is given in terms of
chain concepts. Also, a study of the parameter values
included in the CHAIN Printouts showed the movement of
units through the systen.

Four separate runs were made. The first run
considered no failures. The second, third, and fourth
runs considered tool, transfer.mechanism, and machine

failures, respectively. The similarity of the units

behavior in the model to "real" systems for each run,

implies the simulation has merit.




Descriptions and interpretations of the program
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in development of larger
and more complex systems. A basic understanding of GPSS is
assumed. Appendix C gives a listing of the various GPSS

entities used in the model, with a brief explanation of

thelr interpretation as elements in the material handling
avaetom
system.

A section of the FUTURE EVENTS CHAIN is shown in

My
1

ypical transaction parameter values appear in

this printout. (An explanation of column labels in GPSS
CHAIN printouts can be found in Appendix B.) For example,
transaction 52 is residing in BLOCK number 55. (The
Extended Program Listing in Appendix D indicates this is
an ADVANCE Block in Model Segment 1.) This can be
translated to say, transaction 52 is a unit on carousel 4
traveling to the transfer mechanism. The parameters Pl,
P2, ..., P10 are a record of the transaction's movement.
Parameter 1(=89) indicates the unit captured cradle 89 on
carousel 2. This raises the question of which cradle was
used by this unit on carousel .1? Since the value of Pl is
the cradle number a unit occupies on sub-system 1, the
cradle number on carousel 1 is destructively replaced by the

cradle number on carousel 2 as the unit travels through the

16
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entered machine 6's waiting space (from carousel 1),
Parameter 3(=24) indicates the unit had traveled from its
preceding position (machine 5) to machine 6 (on carousel 1)
in 2.4 seconds (the time unit is 0.1 second). Parameter
4(=22) indicates the corresponding exiting buffer zone for
machine 6 was number 22. Parameter 5(=0) indicates the

unit did not need to use this exiting buffer zone's

holding gate. When the unit reached sub-system 2, similar
events were recorded in parameters P6,P7,...,P10. The

unit captured cradle 224 on carousel 4. On carousel 3, it
had traveled from its preceding position (machine 12) to
machine 13 in 2.8 seconds. The corresponding exiting =
buffer zone for machine 13 was number 29, Einally, the unit
did not need to use this exiting buffer zone's holdiné gate.

a5

The INTERRUPT CHAIN is shown in Table 3.2(a). There
;2 is one transaction resident on the CHAIN. Transaction 71 is
the unit (non-preemptive FACILITY user) which is as yet

unfinished with the machine. .It is known to be a non-

preemptive user because its "Next Block Attempted" is Block

e

17 (the SAVEVALUE Block in Model Segment 1). The BDT
("Block Departure Time") column shows a value of 1. For
each transaction on an INTERRUPT CHAIN, the BDT entry can be
interpreted as its "remaining holding time" at the machine
from which it has been displaced. Hence, a repairman (a'

preemptive machine user) has 1 time unit to go before he will
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be finished repairing the machine. Note that the various
column labels for the INTERRUPT CHAIN are identical to
those for the FUTURE EVENTS CHAIN. This makes it possible
to examine the parameter values. Parameter 2(=2) indiecates
machine 2 is currently being repaired.

Q 4
»

tatistics describing the performance of the machines
are shown in Table 3.2(b). The output for machine 2 will

: be discussed in detail. It shows the machine was busy
100%Z of the time, but does not distinguish between that part
of the time operating, and that part spent being repaired
when a unit is still in the machine. Under NUMBER ENTRIES,
it is seen that the machine was captured by 46 units. No-
the values of 71 and 69 which appear in the statistics n
under the SEIZING TRANS. NO. and PPEEKPTING TRANS. NO.
columns, respectively. This shows that transaction ?i is a
displaced user of the machine, and transaction 69 is

3 currently simulating a repair of the machine.

The listing of all LOGIC SWITCHES, currently in use,

1 is shown in Table 3.3. The LOGIC SWITCHES listed for

| cradles represent the "occupied" cradleé. Since LOGIC
SWITCH 400 is in the "on" position, the holding gate in the
transfer mechanism is presently being used.

The STORAGE statistics are shown in Table 3.4. For

each STORAGE, seven different pieces of information are
printed. Consider the output for STORAGE 110 whose :

capacity is the number of repairmen. The CAPACITY represents
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med to the system during the

4

the two repairmen assig

simulatiorni. These repairmen were busy only 68.2% of the

-
e
ct
o

time. Under ENTRI A repalrman was
needed on three different occasions for an AVERAGE TIME of
327 .4 seconds. Currently, one repairman is being utilized,
however, both repairmen were needed simultaneously at

least once during the simulation.

The SAVEVALUE information is shown in Table 3.5(a). 3

Note the value of SAVEVAI i8 20L.  This can be
interpreted as the number of units which have been backed-up
g studied.
Table 3.5(b) is the statistics of tne behavior of the
QUEUE in the model called TRANS. Currently, no units are

vaiting for open cradles on carousel 3, however, there were

as many as 7 units in the waiting line besides the unit

e}

trying to capture a cradle during the simulation. |
‘
|
'
t
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CHAPTER IV
RECOMMENDATIONS

The model has been written to enable a person to
increase the size of a sub-system, increase the number of

)

sub-systems, and change any data necessary. If core

. o

limitations and cost restrict the size of the system, it
appears that an adequate representation of the material
handling system can still be obtained. First, increase the
number of connecting sub-systems to only four or five.
Second, run the simulation for an eight hour'day. If these
restrictions are not used, relatively expensive computer
resources will be needed. i : -

Three types of failures were iﬁcorporated into the
model: +tool, machine, and transfer mechanism. The
addition of carousel failures will give a complete
representation of all major failures. These failures were
ignored in this investigation due to their infrequency
and the extensive computer programming needed to simulate
them. The model contained in this repo}t will cost
approximately $500 to simulate an eight hour day. One
carousel failure may occur in this time period and it
would simply stop all output and £i1l all the buffers
before the failure point.

In this model, Block sequences are used repetitively'

with different variables. A certain amount of keypunching




N

effort can be spared if the Block sequences are defined by
macros, with dummy variables supplied in the various

Operand positions. The Processor will then substitute these
Blocks at various points in the model. A single MACRO card
is used at each of these different points to indicate that
the macro Block sequence is to be inserted and the dummy
variables are to be replaced with the actual variables
specified.

From this preliminary study, it can be said the
proposed material handling system can operate effectively.
However, further study is suggested with the acquisition
of additional information for a more complex system. This
should give a basis for definitive statements on the “
system's reactions to failures and en optimum maintenance
scheduling policy. It is important to remember, a
simulation does not yield a "solution" to the problem as a
mathematical model yields an analytical solution; instead

it permits a less abstract and relatively more faithful

representation of a real system.
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BAPLA] [ON OF COLUMN LABEI] IN GPSS CHAIN PRINTOU1
Tt L NSa( ( T ¥
BD1 kK Dej ture . This represents either

BLOCK

et

Selection mode.
i A & ~
>¢'tion mode. The
;he n next blocks

NBA Next Block Attempted. The next block to be
entered by the transactior

7 SET Assembly Set Linkage. When the tran

3 crﬁated, the set number is equal to the transe
tion number itself. A linkage is formed when-
ever the transaction enters a SPLIT Block. This
linkage is updated when any member of an

k assembly set enters a SPLIT or TERMINATE Block.

MARK TIME Mark Time is the time at which a transaction
i moved out of its GENERATE Block into the model.

Ply'ves, P ”he firﬂt line of printout for each transaction
PS5 0n03: P8 lists the current value of Parameter 1 through
s L, The .econo line lists the wvalues of

: F<r4we ers 5 1h10h€‘ 8 where P5 is in the Pl

1 column, P6 is in the P2 column, etc.




one jl’ui‘ic" tes that a

S '1*;((

el f:v;.' char .‘{"ulf :

DI bf ~,‘
a7t

some

Blo 1 531 61 "ﬁ'jz i

tuc dc» ﬁne indicator is also
reset

ransaction leaves an ADVANCE
a nonzero delay time is '

Block wh

CI

r“n:sction is
or on a P?n:'x C i CL,
action i

L\r;‘ TS

i
AN L

v P
ion is in FUTURE

A TFfour

ailable for M i ;
GATHER Block in the process of
being or gathered; otherwise the
column :
P Preempt Count. This field is incremented by

one whenever the transaction is PREENMPTe

one of the facilities which it has KLLud or
PREENPTed. It is decremented by one whenever
the preempt condition is removed.

PF Preempt Flag. A one indicates that the irans-
action is to be PREEMPTed when it enters the
next ADVANCE Block that specifies a nonzero
time. The transaction will also be PREEMPTed if
it is delayed at a MAT CH, GATHER, or ASSEMBLE
Block. The indicator is reset to zmero when
the transaction is PREEMPTed.

(Taken From IBM's General Purpose Simulation
System/360 Introductory User's Manual)
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Time Unit: 0.1 seconds

GPSS Entit
TI s 0 89§ Y

—_—— e L

Model Segment 2

Model Segment 3

o M |
J
PEND] C
OF DEFINITIONS
Interpretation
The flo
product
correspond m 1
D D7 o~
rCr.‘ €y 4 o
on sub-system 2.
Pl: The cradle number item
wants to (or does)
Upy
Rz n er where
e i ted; P2
lue [ responds
to the pos of the
input conveyor. -

P3: The time needed for the
item to reach the next
position on rousel 1

P4: The corresp :
exiting buf
each machine

P5: The corresponding holding
gate for each exiting
buffer zone

P6: Same as Pl

P7: The machine number where

. the item 1s located

P8: The.time needed for the
item to reach the next
position on carousel 3

P9: Same as P4

P1l0: Same as P5

zone for

A potential transfer mechanism
failure

Potential machine failures

Model Segment 4

Pl:

The timer

The number of

the

which has failed

machine
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Functions:

-

FFAIL

FOUTI

FOUT?2
U lc

POS 2

TOA L

TOA 2

TOA 3

TOAL

30

I 8o . : gy ey N . -
A Function describing the tool
failure probal
. failure occurs after a varying

number of tool operation

C

A Function describir the addition
factor needed to calculate the
cradle number a uni wan to

V1 the unit is leaving a

a i ng to can ire a

3 .s; Jl carouse

Same as FOUT1l, except unit is

ey e A 5 o) g 13 4

trying to capture a cradle on out-
A<

o h
B

put carous

the machine

1S

|
(73 G 1

A Function describing the pos
(machine number) the unit is.
currently located (on carousel 1)

A Function describing the position
(machine number) the unit is
currently located (on carousel 3)

A Function describing the time
needed for the unit to reach the
next. position on carousel 1

A Function describing the time
needed for the unit to reach the
transfer mechanism on carousel 2

A Function describing the time
needed for the unit to reach the
next position on carousel 3

A Function describing the time
needed for the unit to reach the
output transfer mechanism on
carousel 4
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) )
Interpretation

Facilities

S The machines on sub-system 1

R The machines on sub-system 2
Logic Switches

b 2o o) The Logic Switches simulating the

"occupied"-"vacant" condition
of the cradles on carousel 1

H9,50,...496 The Logic Switches simulating the
"occupied"-"vacant" condition of
the cradles on carousel 2

97498y av sy LOZ The Logic Switches simulating the
"occupiled"-"vacant" condition of
the cradles on carousel 3

163,168, ... 228 The Logic Switches similating thd
"occupied"”-"vacant"” condition of
the cradles on carousel 4

301,302, .. ¢4316 Logic Switches 301,302,...,316
simulate the corresponding holding
gates for machine 1,2,...,16's
exiting buffer zones

399 The Logic Switch, when Set,
indicates that the transfer mech-
anism is not operating

] 400 . The Logic Swilitch simulating the

4 holding gate in the transfer
mechanism
Queues
TRANS The waiting line in the transfer
mechanism in which units wait for
open cradles on carousel 3
{




100

200

e €
Ry NetS

Stora

100

110

Variables

HOLD1

HOLD2

0UTl

S B oy

16

y L% 1 SRR

Interpretation

el Rt M e RS R b8
Savevalues in which are store
number of machine operations

3 3 T S o “ L a
in which 1s stored

in which is stored

units

finite r Spaces
entering buffer zones of
A2 s d6, resSpectiviely

Storages whose capacities are
finite waiting spaces in the

exiting buffer zones
1,2y «ewylb, respectively

Storage whose capacity i
nite waiting spaces in t
transfer mechanism

s the
he

Storage whose capacity is the
number of repairmen

A variable whose value is the
holding gate number used in
exiting buffers on sub-system

A variable whose value is the
holding gate number used in
exiting buffers on sub-systemn

A variable whose value is the
cradle number a unit tries to

units waiting downstre

1,2,...,16, respectively

the

the
that have entered

the

of machines

N

occupy on carousel 2 when leaving

a machine




ourz

BUF1

XBUFZ2

g},

the transfer mechanicsm

Interpretation

whose value 1s the
o1 @ unit tries to
arousel 4 when leaving

A wvariable
cradle numt
occupy on c:
a machine

A variable whose value is the
cradle number a unit tries to
occupy on carousel 1 when entering
the model

A variable whose value is the
cradle number a unit tries to
occupy on carousel 3 when leaving ]

e

A variable whose value is the ]
exiting buffer zone a unit is

occupying on sub-system 1
A variable whose value is the
exiting buffer gone a unit is
occupying on sub-system 2




EXTENDED PROGRAM LISTING

Required Job Control Language:

// JOB T 1001 RON TANU 600 J

//S1M105 JOB (S976,RRAD,001,002,RR), '"ROSENTHAL "
/*PASSVORD

/*JOBPARM REGION=256

// EXEC GPSS,REGION=256K,TINE=(,10)

//DINPUT1 DD *




i

OLOCK
NUMBER

NV SWN -

b g
*LOC OPERATION A¢BeCyD CyFy6 COMMENTS
SINMULALE
13
w FUNCTIOM DEFINITICONS
“
FEAIL FUNCTION ]l .C2 TOOL FAILURE FUNCTION
04,72/1,86
FOUT1 FUNCTION P2.16 ADCITION FACTOR FOR QUTPUT CARUUSEL 2
1034/72,30/34,26/4,10754676¢2
FOUTZ FURCT IO PT¢D1C ADDITION FACTOR FOR CUTPUT CARCUSEL 4
7,5‘-1/4.’-7/‘).".&/[0..'\‘:/J)‘3’)/1?.!8/13.1’»/3",l"‘/iu.r‘,/l(-?
MFALL FUNCYICN RN14C2 MACHINE FAILURE FUNCTION
OQel/1,17
POSL  FUNCTION P2,07 PCSITION OF AKRIVAL FOR CARCUSEL 1
Osl /1227243734346 7445/5:56/7641
FOS2 FUNCTION PZyDL POSITION OF ARRIVAL FOR CARCUSEL 3
60T/ T98/B4v9/9:10710s110701412/12413713,514/14415/15,1867/16457
TOAL FUNCTION P240D7 TOA YO NEXT POSITION ON CARQUSEL 1
00181714247/ 2,248/34192/64267/5,26/64192
TOA2Z FUNCYIOH P2oLE TOA- TO OUTPUTY CONVEYCR ON CAROUSEL 2
10597243672, 12/44299/5,276/64,252
TOA3  FUNCTION P7+0LL TOA TO NEXT POSITICN O CAROUSEL 3
60204/ Tv2878428/9+28710,26/114218/12,26/13428/14,28/15428/164218
TOA4 FUNCTION PT¢00 TOA TO CUTPUT CONYEYCR 0N CARCUSEL 4
Te120/764993/9,6T/104460C/L 19 13/824443/13,407714,350/154363/164337
*
% VARIABLE DEFINITIONS : ¢ 2
F 3 v
CUTI VAR[ASLE ((XH200-1}+FNSFCUTL) 45+49
OuUT2 VARIABLE ((XH2CO0-1)+FN%FOUT2) 664163
SPACL VARIABLE (XH200-1) 48+¢1
SPACZ2 VARIA3ZLE (XH20C0-1) 66+97
XBUF1l VARIABLE P2+ l6 EXITING BUFFER ZGNES FOR CAROUSEL 2
XBUF2 VARIABLE PT1¢16 EXITING BUFFER 20NES FOR CARCUSEL &
HOLD1 VARIABLE P2+300 HOLOING GATE BUFFERS FCR XBUF1
HOLD2 VARILAEBLE P7+300 HOLCING GATE BUFFERS FOR XBUF4
*
* SAVEVALUE INITIALIZATIONS FOR RANDOM TOCL FAILURES
&
INITIAL XH1 210/ XH2,13/XH3, T/ XH6,10/XH5,1/XH6,3
INITIAL XHT 14/ XV B G/XHGy L/ XHLO0 137 X114 7/7XH12911
INITIAL XHL3,13/xHL14y3/4HL5,1/XK16410
*
* STORAGE CAPACITY DEFINITIONS A
*
STURAGE S1-532,3/5100,10/5110+2 5
*
* MODEL SEGMENT 1 THE PRODUCTYICN LINE
'
GENERATE 1059943 UNITS COME INTO SYSTEM VIA INPUT CONVEYOCOR
SAVEVALUE 2C0+,14H INCREMENT NCo OF TRANSACTIONS ENTERED
PRICRITY 1 DECREASE PRICRITY
TRYL ASSIGN 1yVS$SPACL Pl= OF CRACLE ON CARQUSEL UNIT WANTS
GATE LR PLaWAITL IS CRADLE AVAILABLE C% CARQOUSEL
LOGIC S Pl CAPTURE CRADLE ON CARQOUSEL

NEXT1 ASSIGN 3¢FNSTOAL P3=10A TO NEAT POSITION




STOR1

MACHIL

TRY?2

CAR2
TRANS

TRY3

NEX12

STORZ2

MACH2

TRY4

ouT
NOGO)

TFALL

TFAL2

ADVANCE
ASSIGH
YRANSFER
ENTER

LOGIC R
SETZE
LEAVE
FE ST LE

ADVANRCE
SAVEVALUE
ASSIGN
ENTER
RELEASE

ASSIGN

GATE LK
PRICAITY
LOGIC S
LEAVE

ADVANCE
GATE LR
TRANSFER
ENTER
LOGIC R
ASSIGN
GATE LR
PRIGRITY
LOGIC S
LEAVE
ASSIGN
ADVANCE
ASSICH
TRANSFER
ENTER
LOGIC R
SE ILE
LEAVE
FEST &k
ADVANCE
SAVEVALUE
ASSICGN
ENTER
RELEASE
ASSIGN
GATE LR
PRIDRITY
LOGIC S
LEAVE
ADVANCE
LOGIC R
TERMINATE
ADVA'CC
TRANSFER
AOVANCE
SAVEVALUE
TRANSFER
ADVANCE
SAVEVALUE

3 POVE TO NEXT POSITIOCN
2,FNsPOS) P2=POSITION QF ARRIVAL
BOTHSTORL(NEXTY SEE [F UNIT €A% ENTER BUFFER

p2 ENTER BUFFER LONE UF MACHINE

el EMPTY CRARLE ON CARCUSEL

pe CAPTURE PACHINE

P2 LEAVE BUEFER

XMe2  FNSFEAIL, TFALL HAS MACHINE TCOL FALLED

&0 MACHLINE OPERATES

P2+, 1,1 QUNT MACHINE OPERATIONS

44,VEXBUF1 PL=CORRESPONLING EAITING BUFFER 2ONE
P ENTER EXITING BUFFER 2O0ORE

B2 RELEASE VMACHINE

1,VEOUT Pl= OF CRADLE ON CEROQUSEL UNIT HWANTS
PlLyWAIT2 IS CRADLE AVAILABLE ON CARDUSEL 2

1 DECREASE PRICRITY IF NEEDED

Pl CAPTURE CRADLE OX CARGUSEL

P4 LEAVE EXITING BUFFER QCNE

NSTOA2 MOVE TO TRANSFER M-CHANISHM

399,N0601 IS TRANSFER CONVEYOR WORKING

BOTH, TRANS ,NOGC1L SEE IF UNIT CAN ENTER TKANSFER MECH
co ENTER YRANSFER MECHAN]ISH

Pl RELEASE CRADLE CARCUSEL 2

6, VSESPAC2 P6= OF CRADLE ROUSEL UNIT WANTS
POy WalIT?3 IS CRADLE AVAILABLE ON CARDUSEL

1 DECREASE PRICRITY IF NECDED

Po CAPTURE CRADLE ON CARCUSEL o
100 LEAVE TRANSFER MECHANISM

84 FNSTOAS P8=TOA TO NEXT POSITION

Pa MOVE TO HNEXT POSITICHN

TeFNSPOS2 PI=POSITIUN GF ARRIVAL
BOTHySTOR2yNEXT2 SEE IF UNIT CAN ENTER BUFFER

P7 ENTER BUFFER 204t OF MACHINE

Po EMPTY CRADLE ON CARCUSEL

P CAPTURE MACHINE

P7 LEAVE BUFFER

XH=T yFNSFFAIL,TFALZ HAS MACHINE TCCL FAILED
100 MACHINE COPERATES

PT+441,4H COUNT MACHINE OPERATIONS

SyVIXBUF2 =~ P9=CORRESPONDING EXITING BUFFER ZONE
P9 ENTER EXITING BUFFCR ZONE

P7 RELEASE MACHINE

6,V80UT2 P6= . OF CRADLE ON CAROUSEL UNIT WANTS
P6yWAILTA IS CRADLE AVALILABLE ON CARGUSEL 4 4
1 DECREASE PRICRITY {F NEEOED

P& CAPTURE CRADLE ON CARQUSEL

P9 LEAVE EXITVING BUFFER IONE

FNSTOAL MOVE TO TRANSFER MUCHANISM

P6 RELEASE CRADLE ON CARCUSEL 4

480 GO AROQUND AGAIN

+CAR2 TRY AGAIN 4
600,100 REPAIR TCOL .
P2404H RESET NO. OF MACHINE OPERATIONS TO O
P MACHL GO BACK TO RUN

6004 1C0 REPAIR TOOL

P740yH RESET NOe. OF MACHINDG OPERATIONS TO O




97
98
99
100
101
102
103
104

105
106

»

*

*

wWALT]

wWALTZ2

WAITS

WALT 4

TRANSFER sMACH2

60O BAC 10 RUN

K

SAVEVALUL 100+4 2 H IRCREMER KOs HALITING DOWHSTREANM
TRANSEEF 2 OUT LEAVE BODEL

ASSIGN S5eVEHOLDL PHY=H0LD1MS GATE FOR OTHER UNRLITS [N BUFFER
GATE LR Po IS5 UNIT FIRST ON LINE

LOGIC S PY CAPTURE FIRST PLACE
ADVANCE 10 WALT TILL NEXT CRAODLE

PRICRITY 2 INCREASE PRIQRITY
LOGIC R PS5 CPEN FIRST PLACE POSITION
TRANSFER o THRY2 TRY AGAIN
QUEUE TRANS ENTER L INE
GATE LR 400 IS UNIT FIRST ON LINE
DEPART TRANS LEAVE LLNE

LoGIC S 400 CAPTURE FIRST PLACE
ADVAKCE 10 WAIT TILL NEXT CRAULE

PRIORITY 2 INCREASE PRIGRITY
LOGIC R 4C0 OPEN FIRST PLACE POSITICHN
TRANSFER ¢ TRY3 TRY AGAIN

SSIGH 10, VSHOLEC2 PLO=HOLOINRG GATE FOR CTHER UNITS IN BUFFER
GATE LR P10 1S UNLYT FIRST OGN LINE
LOGIC S P10 CAPTURE FIRST PLACE
ADVANCE 10 WALT TILL NEXT Cf

PRIORITY 2 INCREASE PRICORITY
LOGIC R P10 OPEN FIRST PLACE POSITION
TRANSFER 2 TRY % TRY AGAIN
MODEL SEGMENT 2 TRANSFER MECHANISM FAILURE
GENERATE 3900,499143
LOGIC S 399 TRANSFER COMNVEYOR FAILS

ENTER 110 CAPTURE A REPAIRMAN

ADVANCE 1200,100 REPAIR IT
LOGIC R 399 WORK AGAIN
LEAVE 110 FREE THE REPAIRMAN

TERMINATE

MODEL SEGMENT 3 MACHINE FAILURES
GENERATE 390099943 MACHINE FAILS
ASSIGN LeFNESMFAIL P)I=NO. OF MACHINE WHICH FAILED
PREEMPT Pl TAKE MACHINE OUT CF PRGUUCTICN
ENTER 110 ‘CAPTURE A REPAIRMAN
ADVANCE 60004600 MACHINE S BEING REPAIRED
RETURN Pl MACRINE GOES INTO PRCOUCTION
LEAVE 110 FREE THE REPAIRMAN
TERMINATE °
MODEL SEGMENT 4 JHE TIMER
GENERATE 3600 TIMER ARRIVES AFTER 6 MINS
TERMINATE 1 Y

START LyNP START STEADY STATE RUN
RESET

ST ART 2v9lyl RUN FOR 12 MINS

END RETURN CCNTROL ;




