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Ciele:

* Analyza aplikacnych moznosti teodrie
rozsirenych Petriho sieti

* Rozbor a popis realneho montazneho
systemu z hladiska toku materialu

* Vytvorenie metodiky navrhu diskrétneho
simulacneho modelu

 Aplikacia navrhnute] metodiky na realny
montazny systém
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Teoreticky zaklad

Jednoduché P-T Petriho siete (PS) a ich
rozsirenia o:

— farbu: colset — datovy typ (Farebne PS)
— hierarchiu (Hierarchicke PS)

— prioritu (PS s prioritami)

— objekty (Objektove PS )

— 8as (Casované PS)
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Vysledny vyrobok

. :
\ H
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Strukturny kusovnik

BN

Finalny vyrobok
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podstava loZisko hriadel klobucik
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Montazny proces

loZisko hriadefl
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Metodika tvorby diskrétneho
simulacneho modelu

* Podporny simulacny nastroj pri projektovani
diskrétnych montaznych / vyrobnych systemov
alebo restrukturalizacii uz existujucich.

* Analyza materialoveho toku a zostavenie jeho
graficke] podoby — diagram materialoveho toku.

« Zadefinovanie novej formy popisu materialoveho
toku systému: Stavovo — Udalostny Diagram

« Tvorba a simulacia modelu je realizovana v
prostredi nastroja CPN Tools.
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1. Diagram materialoveho toku
FMS

Zasobnik 4@
podstavcov
A
paliet
—_— A
Zasgbmk Post 3
lozisk
J— Externa entita
3 i Objednavka
Zasobnik
hriadelov Y
Zasobnik
klobugikov
VL\
G
Vystupny
sklad
vyrobkov
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2. (3.) Stavovo - Udalostny diagram
(neznacena PS)
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4. Definovanie postupnosti operacii

Vystupny
sklad

Sklad
klobucikov

Sklad
hriadelov

hriadel a
klobucik

i post_5

sklad

podstava
paliet post_2

na palete

P= post 3

suradnice
vyrobku

Sklad

podstavcov post_1
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5. Zoznam deklaracii:

Colsety:

colset INT = int;

colset STRING = string;

colset A = product STRING*STRING;

colset B = product STRING*STRING*INT;

colset C = product STRING*STRING*STRING*STRING*INT;

colset D = product STRING*STRING*INT;

colset D1 = product STRING*STRING*INT*INT;

colset E = product STRING*STRING*STRING*STRING*INT*STRING*STRING*INT,;

colset F = product
STRING*STRING*STRING*STRING*INT*STRING*STRING*INT*STRING*STRING;

colset G = product
STRING*STRING*STRING*INT*STRING*STRING*INT*STRING*STRING,;

Premenné:
m varlozhriad,e,posud,cas,ee: INT,;
m varpod,pal,id L, vyska L,id H,id K,farba H,mater K: STRING;
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5. Znacena Farebna

13/2

(pod, id_L,vyska_L,loz,id

Vystupny
sklad

G

post_5

1’ "Pal_00"++
1" "Pal_01"++
1" "Pal_02"++
1" "Pal_03"++
1" "Pal_04"++
1’ "Pal_05"

Jfarba_H, hriad,id_K,mater_K)

hriadel a
klobucik

17" ("klob_01","Al")++
1°("klob_01","Fe")++
17" ("klob_02","Al")++
1 ("klob_02","Fe"}++
1" ("klob_03","Al")++
1" ("klob_03","Fe"}++
1" ("klob_04","Al")++
17 ("klob_04","Fe"}++
17 ("klob_05","Al")++
17 ("klob_05","Fe"}++
17 ("klob_06","Al")++
17 ("klob_06","Fe")++
1 ("klob_07","Al")++
1" ("klob_07","Fe"}++
17 ("klob_08","AlI")++
17 ("klob_08","Fe")++
17 ("klob_09","Al")++
1" ("klob_09","Fe"}++
17 ("klob_10","Al")

klobucikov

(id_K,mater_

e ph b e s ek fa b e

""podst_01"++
""podst_02"++

""podst_03"++ | ,—

""podst_04"++ | |3
""podst_05"++
""podst_06"++
""podst_07"++
""podst_08"++
""podst_09"++
""podst_10"

podstava
na palete

(pal,pod})

podstavcov

suradnice
vyrobku

STRING

a
E_L, loz,id_H,farba_H,hriad,id_K, mater_K)

A

id_H,farba_H,hriad)

post_3

(pal,pod})

etriho si

e

(8
Sklad
hriadelov

e e e i e e e e e

“("hriad_01","modra",9)++
“("hriad_01","zelena",9)++
“("hriad_02","modra",9)++
"("hriad_02","zelena",9)++
“("hriad_03","modra",9)++
"("hriad_03","zelena",9)++
“("hriad_04","modra", 9)++

"hriad_04","zelena",9)++

!
(
(
(
(
!
(
"("hriad_05","modra",9)++
"("hriad_05","zelena",9)++
!
(
(
[
(
{
(
(

"hriad_0&","modra",9)++

"("hriad_06","zelena",9)}++
“("hriad_07","modra",9)++
“("hriad_07","zelena",9)++
"("hriad_08","modra",9)++
"("hriad_08","zelena",9)++
“("hriad_09","modra",9)++
"("hriad_10","modra",9)

.

(id_L,vyska_L,loz)

STRING

sk fh ek fn ek s ek ek s e ek e s

i
A
B,
A
i
i
A
A
A
i
B,
i
i
i

{

"loz_01","nizke",10)++
"loz_01","vysoke", 10)++
"loz_02","nizke",10)++
"loz_02","vysoke", 10)++
"loz_03","nizke",10)++
"loz_03","vysoke" 10)++
"loz_04","nizke",10)++
"loz_04","vysoke", 10)++
"loz_05","nizke",10)++
"loz_05","vysoke", 10)++
"loz_06","nizke",10)++
"loz_06","vysoke",10)++
"loz_07","nizke",10)++
"loz_07","vysoke", 10)++
"loz_08","nizke",10)

lozisk

(pal,pod,id_L,vyska_L,loz)
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6. Pripojenie externych vstupov

Vystupny
sklad

G
(pod, id_L,vyska_L,loz,id_|

post_5

pal

""Pal_00"++
“"Pal_01"++
""Pal_02"++
""Pal_03"++
T"Pal_04" 4+
" "pal_0s"

e e

farba_H, hriad,id_K,mater_K)

e e e e e e e e e e

"("kKlob_01","Al")++
*("Klob_01","Fe" )+ +
*("klob_02","Al")++
*("klob_02","Fe")++
*("Klob_03","Al")++
*("klob_03","Fe")++
*("kKlob_04","Al")++
*("Klob_04","Fe" )+ +
*("Klob_05","Al")++
*("klob_05","Fe" )+ +
*("Klob_06","Al")++
*("Klob_06","Fe")++
*("Klob_07","Al")++
*("klob_07","Fe")++
*("Klob_08","Al")++
*("klob_08","Fe" )+ +
*("klob_09","Al")++
*("Klob_09","Fe" )+ +
*("klob_10","AI")

ocelovy

klobucik

klobucikow

hriadel a

(id_K,mater_|

klobucik

" "podst_01"++
" "podst_02"++
" "podst_03"++
" "podst_04"++
" "podst_05"++ |~
" "podst_06"++ |
" "podst_07"++

""podst_08"++ RRCHlaYE

suradnice

wvyrobku

STRING

" "podst_09"++
" "podst_10"
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R R e e e e

STRING

(pal,pod)

ska_L loz,id_H,farba_H, hriad,id_K,mater_K)

podstava

na palete
P 4 (pal,pod)

(id_L,vyska_L,loz)

hriadel

id_H,farba_H, hriad)

"("loz_01","nizke", 10)++
"("loz_01","vysoke", 10)++
"("loz_02","nizke", 10)++
("loz_02","vysoke", 10)++
"("loz_03","nizke", 10)++
"("loz_03","vysoke", 10)++
“("loz_04","nizke", 10)++
"("loz_04","vysoke", 10)++
("loz_05","nizke", 10)++
"("loz_05","vysoke",10)++
"("loz_06","nizke", 10)++
{"loz_06","vysoke", 10)++
("loz_07","nizke", 10)++
("loz_07","vysoke", 10)++
("loz_08","nizke",10)

R R R R R e e

lozisk

zeleny
hriadel

hriadelow

"("hriad_01","madra",9)++
“("hriad_01","zelena",9)++
"("hriad_02","modra",9)++
"("hriad_02","zelena",9)++
“("hriad_03","modra",9)++
"("hriad_03","zelena", 9)++
"("hriad_04","madra",9)++
"("hriad_04","zelena",9)++
"("hriad_05","modra",9)++
"("hriad_05","zelena", 9)++
“("hriad_06","modra",9)++
"("hriad_06","zelena",9)++
"("hriad_07","madra",9)++
“("hriad_07","zelena",9)++
"("hriad_08","modra",9)++
"("hriad_08","zelena", 9)++
“("hriad_09","modra",9)++
“("hriad_10","modra",9)

bk b ok ok ok ok ek ek ek ok ok ok ek ek ek ek ek ek

v

(pal,pod,id_L,vyska_L,loz)

nizke
lozisko

DET]

INT




[ . Hierarchizacia

Vystupny
sklad

G
(pod, id_L,vyska_L,loz,id_

post_5

1" "Pal_00"++
1""Pal_01"++
1""Pal_02"++
1""Pal_03"++
1" "Pal_04"++
1°"Pal_05"

"podst_01"++
"podst_02"++ | —
"podst_03"++ |\
"podst_04"++
"podst_05"++
"podst_0&6"++
""podst_07"++
"podst_08"++
"podst_09"++

podstavcow

STRING

) e L

"Rodst_10"
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farba_H, hriad,id_K,mater_K)

s b e e ek e s b et e b b fa s b e e s

("klob_01","Al")++
("klob_01","Fe")++
("klob_02","Al")++
("klob_02","Fe")++
("klob_03","Al")++
("klob_03","Fe")++
("klob_04","Al")++
("klob_04","Fe")++
("klob_05","Al")++
*("klob_05","Fe")++
("klob_06&","Al")++
("klob_06","Fe")++
("klob_07","Al")++
("klob_07","Fe")++
("klob_08","Al")++
("klob_08","Fe")++
("klob_08","Al")++
("klob_09","Fe")++
("klob_10","Al")

klobucikow

hriadel a

(id_K,mater_

d_H,farba_H,hriad)

klobucik

(pal,pod)

suradnice
wyrobku

STRING

na palete

_L,loz,id_H,farba_H,hriad,id_K,mater_K)

podstava

4 (pal,pod)

post_3

Sklad
hriadelov|

b ek ek ek ek ek ek ek ek ek ek ek ek ek ek ek ke ek

“("hriad_01","modra",9)++
"("hriad_01","zelena",9)++
"("hriad_
"("hriad_

02","modra",9)++
02","zelena",9)++

(
(
.
"("hriad_03","modra", 9)++
"("hriad_03","zelena", 9)++
'(‘hrlad
“("hriad_
"("hriad_

(

(

(

(

(

(

(

(

(

04","modra",9)++
04", "zelena",9)++
05","modra",9)++

"("hriad_05","zelena", 9)++
"("hriad_06","modra", 9)++
"("hriad_
"("hriad_
" ("hriad_
"("hriad_08","modra",9)++
"("hriad_08","zelena",9)++
"("hriad_
"("hriad_

0&","zelena",9)++
07", "modra"”,9)++
07","zelena",9)++

09","modra",9)++
10", "modra",9)

o

(
(
(
(
(
E
"("loz_04","vysoke", 10)++
(
(
(
(
(
(
(

"loz_01","nizke", 10)++
"loz_01","vysoke", 10)++
"loz_02","nizke", 10)++
"loz_02","vysoke",10)++
"loz_03","nizke", 10)++
"loz_03","vysoke", 10)++
"loz_04","nizke", 10)++

"loz_05","nizke",10)++
"loz_05","vysoke", 10)++
"loz_06","nizke", 10)++
"loz_06","vysoke",10)++
"loz_07","nizke",10)++
"loz_07","vysoke",10)++
"loz_08","nizke",10)

\podsiet P3
(id_L,vyska_L,loz)

lozisk

{pal,pod,id_L,vyska_L,loz)




8. Podsiet’: Post 3

1

[wyska_L="nizke"]
montaz

“("loz_01","nizke", 10)++
"("loz_01","wysoke", 10)++
“("loz_02","nizke", 10)++
“("loz_02","vysoke", 10)++
“("loz_03","nizke", 10)++
"("loz_03","vysoke", 10)++
“("loz_04","nizke", 10)++
"("loz_04","vysoke", 10)++
b
N
N
b
|
N
(

"loz_05","nizke", 10)++
"loz_05","vysoke", 10)++
"loz_06","nizke", 10)++
"loz_06","vysoke", 10)++
"loz_07","nizke", 10)++
"loz_07","vysoke", 10)++
"loz_08","nizke",10) 1

0
15)
Sklad

Q1]

sV

et ek ek ok ek ek ek ek ek ek ok ek ek et

(id_L,vyska_L, loz)

nizkeho

lozisk
In| B

[vwyska_L="vysoke" andalso ee=p]

vyradenie
vyssiehao
loziska

F 3

e 1

Lvyska_ j loziska L pyskas

podstava
“na palete

In}

-
ENT !ll‘;_ 1

lozisko

g

loziska

(pal,pod)

(palPeg

montaz

na meracom
stande :

(id_L,vyska_L, loz)

[vwyska_L="nizke" andalso ee=0]

vyradenych
lozisk

vyssieho

(id_L,viyska_L,loz) loziska

[vwyska_L="vysoke

P

vyradenie 1
nizsieho o
loziska

U«

O}

(pal,pod,id_L,vyska_L,loz)

e
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+lozisko

INT Out C

bal,pod,id_L,vyska_L,loz)



8. Podsiet: P

I s b fa b e s b et et b et b e et b e s

“("klob_01","AI")++
*("klob_01","Fe")++
“("klob_02","AI")++
“("klob_02","Fe")++
“("klob_03","Al" )+ +
“("klob_03","Fe")++
“("klob_D4","AI" )+ +
*("klob_04","Fe")++
“("klob_05","Al")++ [
“("klob_05","Fe")++
*("klob_06","Al"}++
*("klob_06","Fe")++
“("klob_07","AI" )+ 4+
*("klob_07","Fe")++
“("klob_08","Al")++
“("klob_D8","Fe")++ |,
“("klob_09","Al"}++ |-
*("klob_09","Fe")++
("klob_10","AI")

e e

Sklad
vyradenych |
hriadelov

klobucikow

klobucika

meracia
stolica

Out |
(pal,pod,id_L,vyska_L,loz,id_H,farba_H,
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Sklad
vyradenych
klobucikov

Al

+klobucik

her klobuci

1 presun na 1
poz_5

(id_H,farba_H,hriad,e)

(id_H,farba|H, hriad)

[e=0]

poz_4
vyrad
hriadel

rbal
4

zaleny

WELE]

p_3

-

D1
[e=1]

poz_4
hriadel
0K

{id_H,fara H,hriad)

INT
{id_H,farba_H,hriad)

vysunutie
hriadela na
poz 1

"("hriad_01","modra",9)++
"("hriad_01","zelena",9)++
"("hriad_02","modra",9)++
"("hriad_02","zelena",9)++
"("hriad_03","modra", 9)++
"("hriad_03","zelena", 9)++
"("hriad_04","modra",9)++
"("hriad_04","zelena", 9)++
"("hriad_05","modra", 9)++

"("hriad_06","modra",9)++
"("hriad_06","zelena", 9)++
"("hriad_07","modra”,9)++
*("hriad_07","zelena",9)++
"("hriad_08","modra", 9)++
"("hriad_08","zelena", 9)++
*("hriad_09","modra", 9)++

poz_6&

farba_H,hriad)

(id_H,

osadenie

F

hriad,id_K,mater_K)

+hriadel

klobucika -

€y,
sv )!

[Qut ] INT

d.id_L,vyska_L,loz,id_H,F
1

osadenie
hriadela

I,pod,id_L,vyska_

,
i,
=]
-

R R R R R e R R e s e

!
{
{
{
{
{
{
E
"("hriad_05","zelena",9)++
{
{
{
{
{
({
{
{

"("hriad_10","modra",9)

+lozisko



9. Vysledny mo

(IntInf.toInt(t

——————

Sklad
vyradenych
vyrobkov

pal@+130

"Pal_00"@0+++
“"Pal_01"@O0+++
“"Pal_02"@0+++
""Pal_03"@0+++
“"Pal_04"@0+4+
""Pal_05"@0

[

""podst_01"@0+++
'"podst_02"@0+++
""podst_03"@0+++
""podst_04"@0+++
"podst_05"@0+++
"podst_06"@0+++
"podst_07"@0+++
"podst_08"@0+++
"podst_09"@0+++
‘"podst_10"@0

. e s e b s e e

poc
=

vystupna

del ¢casovo ohodnotime

technicka
kontrola

wystupna technicka kontrola |

medzisklad

wyrobkov

pod, IntInf.tolnt(time(})))

Vystupny
sklad

e())-cas+90 ,pod, id_L,vyska_L,loz,id_H,farba_H, hriad,i

klobucik

ek kb ek ek ek ek e ek ek et ek ek e ek e fa

("klob_01","AI")y@0+++
("klob_01","Fe")@0+++
("klob_02","AI")@0+++
("klob_02","Fe")@0+++
"("klob_03","AI")@0+++
("klob_03","Fe")@0+++
"("klob_04","AI")@0+++
("klob_D4","Fe")@0+++
"("klob_05","AI")@0+++
("klob_05","Fe")@0+++
("klob_06&","AlI")@0+++
("klob_06&","Fe")@0+++
("klob_07","AI")@0+++
("klob_07","Fe")@0+++
"("klob_08","AI")@0+++
("klob_08","Fe")@0+++
"("klob_09","AI")@0+++
"("klob_09","Fe")@0+++
"("klob_10","AI")@0D

klobucikov

(id_K,mater_

suradnice
wyrobku

hriadel a \\ P

hlinikovy
klobucik

modry
hriadel

d:H,farba_H,hriad, id_K,mater_K)@+170
F

podstava

na palete 4 (pal,pod,cas)
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e e .

(
(
(
(
(
(

(
(
(
(
(
(
(
(
(

"loz_01","nizke",10)@0+ ++
"loz_01","vysoke", 10)@0+++
"loz_02","nizke",10)@0+++
"loz_02","vysoke", 10)@0+++
"loz_03","nizke", 10)@0+ ++
"loz_03","vysoke", 10)@0+++
"loz_04","nizke", 10)@0+++
"loz_04","vysoke", 10)@0+++
"loz_05","nizke",10)@0+++
"loz_05","vysoke", 10)@0+++
"loz_06","nizke", 10)@0+++
"loz_06","vysoke", 10)@0+++
"loz_07","nizke",10)@0+++
"loz_07","vysoke", 10)@0+++
"loz_08","nizke",10)@0

‘post_3
(id_L,vyska_L,loz)

post_3

hriadelo

d_H,farba_H,hriad)

R b R R R b R R e R R R b s s

“("hriad_

"("hriad_01","modra",9)@04+++

"hriad_01","zelena", 9)@0+++
"hriad_02","modra",9)@0+++
"hriad_02","zelena",9)@0+++
"hriad_03","modra",9)@0+++
"hriad_D3","zelena",9)@0+++
"hriad_04","modra",9)@0+++

"("hriad_04","zelena",9)@0+++

{

{

{

(

{

{

q
("hriad_05","modra",9)@0+++
("hriad_05","zelena",9)@0+++
("hriad_06&","modra",9)@0+++
("hriad_06&","zelena", 9)@0+++
("hriad_07","modra",9)@0+++
("hriad_07","zelena",9)@0+++
("hriad_08","modra",9)@0+++
("hriad_D8","zelena",9)@0+++
("hriad_09","modra",9)@0+++
( 10","modra",9)@0

»

lozisk

(pal,pod,cas,id_L,vyska_L, loz)@+80




" S
Popis metodiky tvorby modelu v

krokoch:

1.

2
3.
4

19/20

Diagram materialového toku
Stavovo — Udalostny diagram
Neznacena PS

Definovanie postupnosti operacii procesu -
vytvorenie spatno - vazobnych objektov

Znacenie modelu PS tokenmi - ,vyfarbenie® modelu
PS - deklaracie colsetov a premennych

Pripojenie externych vstupov k modelu
Hierarchizacia modelu - vytvorenie podsieti
Detailné rozpracovanie operacii v ramci podsieti a
finalizacia logickej Casti modelu

Implementacia casu do modelu



Zhrnutie vysledkov DzP:

m Teoreticky rozbor a aplikaché moznosti rozSirenych

Petriho sieti
m Popis a rozbor materialového toku FMS

m Aplikacné nasadenie PS pri tvorbe simulacného modelu

realneho diskrétneho systemu FMS
m Simulacné testovanie vytvoreného modelu

m Spracovanie metodiky navrhu diskrétheho modelu

montaznych / vyrobnych systémov
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3. EPC ics (Event — Driven Process Chain
for Information Control System) Diagram
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1. Prinosy simulacnych modelov:

Predpokladanie spravania sa systemu

Podporu rozhodovania pri vytvarani novych alebo analyze
existujucich systemov (vyber optim. rieSenia)

Lepsie pochopenie fungovania systemu a jeho vylepsovanie
(aj pri zmene poziadaviek na vyrobu)

Zlepsenie parametrov:
— Flexibilita
— Priebezna doba vyroby vyrobku
— Kapacitné poziadavky
— Vyuzitie zdrojov (zariadenia, personal a pod.)
— Navratnost’ investicii
— Uzke miesta vyroby / montaze
— Cas neéinnosti zariadeni

— Odstranenie zbytocného predimenzovania / nespravneho
navrhu

— atd.



2. Dal$i vyvoj a aplikacia modelovacich
metod pre projektovanie

Rozvoj CIM (CAD, CAP, CAQ, ...)
Modulova vyroba - stavebnicovost
Flexibilna vyroba

Agilna vyroba

UcCiace sa systemy



3. Porovnanie vhodnosti komercnych SW
simulacnych systémov

* Integrovane systemy:

— WITNESS - simulacia vyrobnych, obsluznych a logistickych procesov;
vytvaranie statistik

— eM-Plan vyhoda: rychla stavba modelu a moznost “on-line” zmien

— ARENA najpouzivanejSi integrovany graficky nastroj

« Ucelové systémy:

— Factor/AIM produkt pre planovanie a analyzu vyrobnych a
logistickych systémov . Umoznuje planovanie, analyzu uzkych miest,
manipulacie s materialom, planovanie kapacit, r6zne studie nakladov,
priepustnosti ...

— Kitz pomaha pri vybere linearnych vedeni, dopravnikov a ochrannych
prostriedkov

— 3D CAD kniznica firmy MayTec plug-in do Autodesk Mechanical
Desktop; podporuje 3D parametricke konstruovanie ako aj kompletné
automatizované vytvaranie kusovnikov zostav a vypocty

— Robotizované pracoviska: Kuka Sim, Fanuc SImPRO, ...



Implementacia nahodného deja
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Aplikacna podpora PS

CPN Tools

— Nastroj pre editaciu, simulaciu a analyzovanie
rozsirenych PS

— Licen. politika: Open source [cpntools.org]

— Podpora OS Windows, Mac OS and Linux

— Pokracujuci vyvoj (uz od roku 2000)

— Rozsiahla podpora (manualy, navody, videa)



Aplikacna podpora PS

« Matlab — Petri Net Toolbox - podpora Casovanych, Ci
stochastickych PS a ich analyza

« Petri.NET simulator - ponuka prepojenie grafického editora
s dalSim vyvojovym nastrojom, Ci komunikaciu s externou
aplikaciou (Petri.NET simulator + Python + OPC server)

« Zakladny editor a simulator jednoduchych P-T PS:

— PEtriTool

— Netlab

— Petri Net Simulator
— Tina



Analyza parametrov vyrobnych
systemov
Zonarne vypocty
Kapacitne vypocty
Casové parametre
Financne analyzy

Rozhodovacie procesy — vyber
optimalneho riesenia



Flexibilita

* PVS musi obsahovat aspon jeden typ flexibility
* 8 druhov flexibility:

— Strojova (vyrobné zariadenie) flexibilita

— Flexibilita vyrobného procesu

— Flexibilita produktu alebo vyrobku

— Flexibilita technologickej cesty

— Flexibilita vyrobného objemu

— Flexibilita rozsirovatelnosti vyrobnéeho systemu
— Flexibilita prevadzky

— Vyrobna flexibilita



