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SUMMARY

Manufacturing systems are very compli-

cated, so it is very difficult to grasp
the zctual behaviour of the manufacturing
processes in detail. Even if we obtain a
new idea of the uchedullng algorithm or
the process layout, it takes a long time
until the idea is put intc practical use,

because it is Jifficult to prove the actual

validity of the idea.

The simulation technigue iz valia to
solve this bettleneck. However, the con-
ventional simulators lack the ability to
simultaneously simulate the material flows
and the control systems' behaviour.

In this papers, the authors analyze
the functions of manufacturing system in
the following factorsa:

(2) equipment layout (b) control system,
{c) material, ¥ operation.

Accerding to fhe analy51s, we present a
new type simulator which is named "MAFLOS".

MAFLOS is characterized by the
following features.

{a) MAFLOS has seven kinds of unit-element
to describe the equipment layout of
the manufacturing system. The simula-
tion model is therefore generated by
combining these unit-element.

MAFLOS can simultaneously simulate the
material flow and the control system
behaviour.

(b)

1. INTRCDUCTION

Manufecturing systems are very
complicated, so it is very difficult to
grasp the actual behaviour of the manu-
facturing processes in detail. Even if we
obtain a new idea of the scheduling algo-
rithn or the process layout, it takes a
long time until the idea is put into
practical use, because it is difficult to
prove the agtual validity of the idea.
Simulation2) is one of the best methods to
examine the validity of such idea.

Conventional simulators such as GPSS,
SIMSCRIPT etc., which are g?n?rally used
to solve queueing problems , lack the
ability to simulats the control systems'
behaviour. Hsnce, the conventional
simulators are not convenient for simul-
taneously investigating the material flow

(9)
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and control system.

In this paper, uhe authors will pre~
sent MAFLOS (Mgterial Fiow Simulator:
a nevw type simulator for manufactiring
systemsg. MAFLOS has the function to
gimulate the control systems' behaviour,
the process levout and the material flow.

2. ACTIVITY OF MANUFACTURING SYSTEM

We now consider the activity of the
manufacturing system shown in Figure 1 as
an example. In this syst m, the materials
are menufactvred in the sequence which
follows:

(1) The materials which arrived from
external system are loaded in the
"eontainer."

The containers are transfered to the
central "storage" by the "handling
machines” and the "conveyor."

The central handling machine transfers
the containers from the central
storsge to the local storages which
are located beside the "production
machines." The containers are trans-
fered according tn the sequence of
the wevk schedule for the production
machine.

The handling machine selects & mate-
rial which 1is demanded by the produc-
tion machine, from the container.

The seleeted material is put on the
production machine.

The production machine works on tha
material.

The handling machine returns the
worked material to the container.

The central handling machine sends
back the container %o the central
storage. The container gtsye at the
central storage until another produc-
tion machine requests it.

The materisls flow through production
machines according to the manufactur-
ing sequence individually given. The
manufacturing seguence for each
material is predetermined.

The finished meterials are taken away
by the conveyor and the handling
machines.

(2)

{3)

(4)

(5)
(6)
(7)
(8)

(10)



following two sets of data:

(a) The state of materials.

(b) The state of unit-equipmeut,

For example, the manufacturing time at the
production machine is calculated according
to time standard in data set (a) and
probabilistic disturbance (if necessary).
The carrying time of & handling machine is
calculated according to the present posi-
tion of the hsndling machine, in dats set
(b), and the present position of material,
in dats set (a), and position where the
material should be transfered, in data

set (b).

3.4.2 Confirming function for the start-
ing conditions

Proceeding the start of an operation,
the confirmation of the starting condition
must be dene. As for the starting condi-
tion, there are two cases.
(a) Synchronization of materials: Before
the start of assembling operations,
all parts that are needed to assemble
muct be put together.
Propriety of the manufacturing
sequence: Before the start of manu-
facturing operations, whether the
operation is on the correct manu-
facturing sequence or not must be
examined.

()

4. THE STATE OF THE MANUFACTURING SYSTEM

1.1 The state description of the
manufacturing system

The stete of manufacturing system is
descrited by the state of the materials
and the state of the unit-equipment.
MAFLOS has the function to describe the
following state of the manufacturing
system. ‘
(1) The state of materials.

(a) The present position.

{(b) The progress on the manufaciuring

~ sequence.

(c) The classification of material
quality: & good material or no good
material. '
The classification of materisls in
waiting state: +the material waiting
the operation in the unit-equipment
or the material waiting the schedul-~
ing in the control system.

(2) The state of the unit-equipment.

(a) The state of operastion of the unit-

equipment.

(k) The progress on the work schedule.

(c) The name of the material on the

unit-equipment.

(d) The present location of the unit-

equipnment.

The transition diagram in the state
of the operation for the production
machine is shown in Figure 4.

The items deciding the state of each
unit-egquipment are shown in Table 2.

(d)
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A sign "O" in Table 2 denotes that the
state is necessary for defining the state
cf unit-equipment.

4.2 Events inducingz the state change

The state of the materiasls and the

unit-equipment in the MAFLOS is changed

by the rollewing events.

{a} The start and the end of the working
hours.

(b) The operstion completion of the unit-
equipment (handling machine, produc—
tion machine, conveyor).

(¢) The occurrence of the disturbance
(the troubles at the unit-equipment,
the manufacturing failure etc.f

5. THE STRUCTURE OF MAFLQS

5.1 The discription of the model o+ the
manufacturing system
The simulation model is generasted by
feeding the information shown in Fig. 5,
to MAFLOS. Shown in Table 3 and Table 4
are the partial input data for the model
shown in Figure 1.

5.2 Output (simulation reports)
MAFLOS prepares the following output
items for simulation reports.
(1) The interim simulation reports at
arbitrary time.

(a) The state of materials.

(b) The utilization rate of storages.
An example is shown in Table 5.

(2) The final simulation reports,

(a) The lead time of each product,

(b) The rate of creration of the unit-
equipment (the handling machines,
the production machines, the
conveyors).

The work schedules of the unit-
equipment (if necessary).
An example is shown in Tagble 6.

The output items can be easily
extended.

(c)

5.3 The program structure of MAFLOS

The whole structure of program is
shown in Figure 6. The simulating program
for the operation of KE/M, P/M and C/V is
controiled by the time advance routine and
renews the state of the unit-equinment
and the state of the materials. If it is
necessary to run the scheduling progranms,
the supervisgory routine initiates the
scheduling programs. The scheduling
vrograms regenerate the work schedule in
accordance with the new situation.

6. CONCILUSIONS

The fundamental factors which charac-
terize the manufacturing systems are the
following four items:

(a) equipment layout.



DESCRIPTION OF MANUFACTURING SYSTEM
IN MAFLOS

3.

In MAFLOS, we classified the faclors
whick characterize the manufacturing
systems' behaviour into the following four
categories.

{a) equipment layout
(b) control system
(c) materials

(a) operations
We will describe each category in the
following sections.

3.1 FEquipment layout
The equipment layout is defined by
4he following two items. .
ga) The functions of each unit-equipment.
{b) The ccnnections between unit-
squipment.

3.1.1

Classification of unit-equipment
Unit-equipment is classified into
the following seven classes according to
their functions.

(a) Production machine (P/M): the materi-
al sre manufactvred by the production
mzschines, taking the machine tools es
an example.

Handling machine (H/M): a handling
machine transfers the materials from
one place %o another. The crane which
roves along the path is an example.
Workers carrying the material are also
regerded as the handling machines.
Connector (C/N): a connector is a
simplified handling machine.

Rail (R/L): a rail is a path along
which the handling machine is guided.
Conveyor (C/V}: a conveyor is a
carrying machine as the belt conveyor
or ‘the overhead conveyor.

Conveyor Guide (C/G): a conveyor
guide is a path along which the
conveyor is ided.
Storage (S/G%? e storage is a unit-
equipment which stocke the materials.

()

(ec)
(a)
(e)

-\
o
S’

3.1.2 Expression for the unit-equipment
and their counection

In the simulator-MAFLOS, the unit-
equipment represents as shewn in Table 1.
The main parameters which specify the
ability of the unit-equipment are also
shown in Table 1.

The connection between unit-equipment
A and B is defined by the pair (A, B). If
A and/or B have some substate, the pair
must include the index of suvbstate as
position or coordinste.

The manufacturing system which is
shown in Figure 1 is expressed as shown
in Figure 2 by using Table 1.

%.2__Control system

MAFLOS hes the functions to simulete
the control system with respect to
(a) Materisl flow detection

{v) Scheduling
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%,2.1 Material flow detecting function
for synchronizing the material flow
end the control system.

Materisl flow detecting function is
important for obtaining the information of
material flows. When the material passes
through the predetermined point in the
layout of the manufacturing system, the
information ebout the material flow is
transmitted to the control system. The
meterial flow detecting function in MAFLOS
are clesssified into the following two
items.

{g) Material flow detecting function for

incoming materials.

{b) Materisl flow detecting function for

material being removed.

3,2.2 Scheduling function

The production machines werk on the
materials according to the work schedule.
The work schedule 1s regenerated according
to the scheduling algorithm suited for the
controlled manufacturing process. Schedul-
ing programs can be incorporated into
MAFLOS and the timing the scheduling in
MAPLOS can be selected in the following
three manners:
() When the meterial flow is detected by
the materiasl flow detecting function.
When workers cannot maintain the work
gehedule previously gilven.
¥en n given period of time passes.

(b}
(e)

5,3 Material

MAFLOS can accept the following
information about the materials in rela-
tion to the production machine and the
handling machine.
(1) As for the production machine.

(&) Information of the product structures
as shown in Figure 3.

(b) Information of the manufacturing
sequence for each product.

(¢) Information of production planning.

(2) As for the handling machine.

(2) Information of the carrying unit,
for example container or pallet, for
each operation of the handling
mechine. However, the gquantity to
be carrying can be changed by
scheduling within the csrrying unit,

3.4 Operation
In MAFLOS, the operation of each

unit-equipment is evaluated by the time
elasping in the operation, therefore the
function to calculate the operation time
is required. The confirming function (the
starting conditions are complete or not)
is also required in order to evaluate the
scheduling results.

3,4.1 Calculation of the operation time
The amount of time for each operation
of e unit-equipment is calculated from the



(b) control system.

{(c) material.

(d) operation.

The authors analyzed these fundamental

factors in detail, and consequently prc-

posed a new type simulator MAFLOS.

MAFLOS is characterized by the
fcllowing features:

(a) MAFLOS has seven kinds of unit-
elementis to describe the eguipment
layout of the manufacturing system.
The simulation medel is therefore
generated by combining these unit-
elements.

(b) MAFLOS cen simultaneously simulate the
material flow and the control system
behaviour.

(c) MAFLOS ras "material flow detecting
function" in order to syunchronize th~
simuiation c¢f the material flow and
the simulation of the control system
behavicur.

(d) MAFLOS has "“coafirming function" in
order to evaluate the scheduling
resulis.

MAFLOS is suited for the design of
the layout and/or the control system.
This simulator is especially suited for
the design of total manufacturing system
inclnding the control system and the
layout.

[92]
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Table 1 Symbolis for unit-equipment
Unit~equipmenrt Symbol Main parameter
Production Manufacturing speed
machine
Handl%ng (:> Transfer speed
machine Pick up and take down time
Connector 2 Rail NO.
Rail Coordinate (Branch NO.,X,2)
Conveyor Conveycr speed
Conveyor length
Conveyor guide NO.
Conveyor Coordinate X )
guide ; g 3’ LU ( ’
Storage I Capacity (X,Y,Z)
! Lodh.k AL,J P Y Y
T 2 - -
Table 2 Items deciding the state of each unit-equipment

oNLT~ FRODUCTION | HANDLING , e CONVEYOR
ITé;\\\\E?UIPHENT MACKINE MACHINE CONNECTOR | RAIL CONVEYOR GUIDE STORAGE
STATE OF MANUFACTURING O @) O . @) . .
PROGRESS ON WORK
SCHEDULE O O * * ’ L .
MATERIAL NAME ON
UNIT-EQUiPMENT O O O * O : O
POSITION OF
*
UNit-EQUIPMENT O * O O O -

EXPLANATION:
THE UNIT-EQUIPMENT
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A SIGN "O¥ DENOTES THAT THE ITEM I€ NECESSARY FOR DLFINEING THE STATE OF
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H/N % 120608
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c.’v lml } Jteaod @;;—-*
LB s/0
210102 E:] 7
:,...LJ.__ 1nesas
HAN O (o
210608 oS s/¢
LTI T T T T T TTOTITT dhozoe
H/ M =
9 \
310201 \'/ l S /G
5/4 H/M [1;[] tiaend
110101 S0 310501 \syme—e
Y Ylyzug %
CoN A -
320701 1 baudats ! . P/ PN
- Py [ 120301 12R30z
120 2uy S
C/v HoM
210101 ‘ Paa3adyg
HAM Explanati
- R
3101epS" 50 planation
D:]:} 11020t : llUIOle“ MACHINE CODE)
%
Materiat
Fig, 2 _Manufacturing system described by MAFLOS' symbols
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K
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ASSEMBLY OF MATERIALS (PARTS)

Fig., 3 Product structure
(DIFFERENT)
MATERIAL
INCOMYNG
A g,
VAITING ;f“"“wq' ‘77’"“‘<:f—_ WAITING
NEW PINISHED
AATERIAL SETTING WORKING \ATERIAL
kncou:n RETIREMENT
(SAME) -
MATERIAL MATERIAL
INCOMING RETIREMENT
. Rt
Fig. 4 Transition diasgram in the state of the operation

for the production machine
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INPUT DATA QUTPUT { SIMULATICN REPORTS)

EQUIPMENT LAYOUT : _ INTERIM SIMULATION REPORTS

a) CAPACITY OF UNIT-EQUIPMENT g , (AT ARBITRARY TIME}

b) CONNECTION BETWEEN -hﬂﬁ\Frlﬁ)fs a) STATE OF MATERIAL
UNIT-EQUIPMENTS . b) UTILIZATION PATE OF STORAGES

CONTROL SYSTEM FINAL SIMULATION REPORTS

a} LOCATION OF MATERIAL FLOW a}) LEAD TIME OF EACH PRODUCT

DETECTING FUNCTION S ) RATE OF OPERATION OF UNIT-
b) WORK SCHEDULE OR SCHEDULING EQUIPMENT (HANDLING MACHINES,

ALGORITHM PROGRAM PRODUCTION MACHINES,CONVEYORS)
c) TIMING OF SCHEDULING ¢) WORK SCHEDULES OF UNIT-EQUIP-
MATERIAL MCNT (IF NECESSARY)

a) MANUFACTURING SEQUENCE
b) MANUFACTURING PLAN
INITIAL STATE

a) STATE OF MATERIAL

b) STATE OF UNIT-EQUIPMENT

Fig. 5 Input data and simulation reports
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PRODUCTION HINE
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VoAt 4 STORAGE RALL,
X N . :T Ag HANDLING MMP{INE TRODUCTION § HINE CONVEYOR CONVEYOR GLIDE
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Fig. 6 Program structure of MAFLOS
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Table 3 Input data format for unit-equipment

{partial input data for'the model shown in Fig. 1)

PAGE 6
$ ATTRIBUTE OF PROCESS ELEMEMT ¢
Stor:fa NG, ¢ STOHAGE 6
Ry 3 1 1
liv201 1 3 1 \‘ Storuge capacity ( X,Y,2 )
110242 1 20 1
110203 1 3 1
114264 1 3 i
114206 1 3 1
» PROUUCTION MACHINE q
e ——r———e.
N "S- 4or¥ center NO.
P 5 /Product,ion machiane NO,
R ‘5/'/ /Production machine ability
\ T .
12y101 ¢ 1 1 4 ¢ il 3 1 1 2 0 9 10 U
1] G ] ) ] 0 U i [t} 8
P 3 a
1 5
¢ 5
K) 5 . -
Lepent -
Table 4 Input data format for comnective relation
(partial input data for the model shown in Fig. 1)
FAGE [
’“‘%{ NG, $ CONNECTiVE RELATION BETWGEN PROCESS BLEMENT 0
N ”
=1 1
C ti elation
1 2 l 2 0 annec ve Y 201!)

21u101q> i 100 1

¢ 2 / ({Rail NO. l]&[Gnit-equipment NO.110
110206, 6 3 1 1 1 2 1 1 3 1
]

¢ 1 8 1 ) 0 0

é

1

3\

Wnit-equipment NO.
i1 1 2 0 0 2

11p202 ¢ i 1 i 1 1 P 1 .1 12 i

11p101 2 1 1 3 1 . DU, WO S e




Table 5 Interim simulation revort for the model shown in Fig, 1

w TIME = 1001/%

we PALLET o ~~ Report time Material guality

.-+ Material NO. (good)
KOTEI NO. GOOD OR N@-GOGD  EQUIPMERT NO,

SAKU BAN BRANCH
1 1 1 o 2120101
1 4 2 : [4] ///’ i20e01
_ Position of material
v CONTAINER o@ Progress on mfg. sequence {(unit-ecquipment NO. )
CONTAINGW NO,  NUMBER\OF PALLET  EQUISMENT NO. X Y oz
FALLET SAKU BAN  BRANCH NO,  KOTE! WO, GOOD OR NO-GOOD
Containgr no. ' } Position of container
\ {(unit-egquipment NO. )} -
1 i 110204 ' i | i
Material NO. «» i 1 2 : 1
Material quality(Geod)
2 1 110204 1 2 i
2 1 2 0
3 2 110204 -1 -3 1
3 ' 2 0
4 b 2 Y
4 1 110101 3 1 1
3 2 i H]
Utilization of storage
ou STORAGE NO, XL CARPACITY MAX NUMBER MIN NUMBER
1103101 ' 3 i i
=™ 33i0501 T 0 T
110202 20 0 0
110203 3 2 0
§18204 3 3 1 ,
110205 K] ] 0

N\

Total space




Table 6

Final simulation report for model shown in Fig, 1

o MODEL NAME

©  SUMULATION [NTERVAL

o STATISTICAL TABLE 1

o JUYPUTY REPORT ao»

o K,&,HMOBEL o

1001/ 87 0/ 0

1101,30/30/7 0

® NOUK! YOYUU e Manufacturing finished time

JOy ND. SEISAKU SU KANSED SU NOUR | \\\\>xa~se| MOUK ; YOYUU NUUK ]
{ 1 3 3 1001 N 1601 0
r; FJ ) 1002 1001 1
3 1 1 1003 1001 2

»  STATISTICAL fABLE 2

o KADQU RITSU ( P/H ) o

P/M NO, SHUGYQU KADOU KADOU RITSU
JIKAN wA JIKAN Wa .
(MINUTE) (MINUTE) Rate of oreration

{Producticn machine)

120101 24y ap v,1067 |

170207 L) [ 0,367

120801 24y i5 0,082

121130¢ 24y 25 .10

126401 4y 16 0,042

Production machine NO.
¢«  STATISTICAL TAHLE

Operation time

# KADQU RITSU ( HysM ) »

H/M NQ. SKUGYQU KADGU KaDOU RITsY
JIKAN WA JIKAN Wa Rate of operation
{MINUTE) {MINUTE) / (Handling machine)
Los10101 244 1 0,009 1§
10203 L) L G,121
10301 24y 13 0,046
310401 240 i 6,006
310501 24y 5 0,021
/ 10601 24U 6 6,025
Handling machine NO.

o ST‘?’S'IC‘L TASLE 4

UNPAN
NUOURYOKU

C/V KG.

® KaDOU RITSU ¢ C/v ) =

URPAN KOSV KADOU RITSU )
Rate of operation

(Conveyor)
0,013
]

oL

l ?iﬂlﬂl: J00
F) i

Conveyor NO.
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