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The EMFG representation of a timer-relay

Jong-Min Kim

Dept. & Computer and Information Graduate School o

Pukyong National University

Abstract

EMFG(Extended Mark Flow Graph) constituted by box,
transition and arc is a both-sides graph. It has the concurrent,
asynchronous, distributed and parallel properties of Petri Net. Also
it make easily the conception-design and dynamic analysis of
system, therefore it can be used a powerful tool of modeling and
designing of the control circuit about a dispersed control system

and a factory automation.

However, it dose not concretely proposed the method of
declaration about the timer in the existing EMFG, so it is dificult
to express a sequence control and a relay circuit in the field of
which using a timer. And it used the transition marked by
double-bar as the method of a timer declaration. T herefore, the
behavior of timer can be expressed more clearly and simplified.
Also, as the transition marked by double-bar an be applied to a
representation field of the genera EMFG, it can be more
simplified to realize the representation of EMFG.

- Vi -



PLC(Programmable Logic Controller)

[3-5].

Diagram) PLC

PLC

LD PLC

[1-2]. PLC

PLC

LD (Ladder



EMFG(
; Extended Mark Flow Graph)
(PN: Petri- Net)[6- 14]
EMFG , , ,

[15- 23].

EMFG

, EMFG

EMFG

EMFG

EMFG



EMFG
EMFG

2.1 EMFG

EMFG

[3- 5,19- 20].

211 EMFG

EMFG

. EMFG G

[3-14].
(MFG; Mark Flow Graph) EMFG(
[15,19- 20].
EMFG
1 [19- 20].

G={B, T,1,0,M } [ 1]



(box) B,

1 bl b7
b2, b6
()
()
t1, t3, t4, t5
bar (

(transition)

O

t2(5), t5(5)

bar

a2, a3, a4, a7, a9, all, al2, al3, alb

1 al, a5, a6, a8, al0, al4

a8, al0, al4

T,
) :
b1,
. b1, b2, b3, b6
(source)
(fire)
tC )
, 1
1 al a5
, 1 a6,



EMFG

2.1.2

wr

(safe)

EMFG



()

()
(1)
()
()
[19- 20].
b1 t1 b2 t2 t3
T+ O
(a) (b) (c)
b1 b1
® t1 ® t1
(d) (e)
2.
2 (a)
2 (b)
2 (c) t3




(source transition; )

2 (d) (e ()
(2)
3(a)
3(b) ) 3(c)
2(d)
3(e).(f) /
/ / , /
EMFG 3 (9), (h) (conflict box;
)
[19- 20].

Y
Y
o |

S



j
ik i
@]
®
P i M
.

1] b b 4]
/"ﬂf “‘H‘L ,/""f EH“L ]
feh 13 &2 i
__...-"' » ___,...-'—.F L ]
L] & = 15
3.
(3)
[19- 20].
4 (a) tl b1l
4 (b)
bl



tl

2.13

(Self arc)
EMFG
[19- 23].

(1)

i1

(a)t1 S8 &

b

b2

EMFG

(Condition arc)

b1 b

(b)t1 25 2



b3 l bd b3 I ba
o = -‘I - ® |= .»I > @
(e}t &S & () t1 25 =
5.
5 (a) b1
bl
5 (c), (d)
5 (a), ()
5 (c), (d)

(2)

(Condition arc)

- 10 -



bl
bl

rrrrrrr

tl

------

b1, b2, b3

- 11 -

b2

B

bl

(b)

t1, t2, t3



¥ e
. ™
g «
-
. ™
al "
EdAH s
7. (

2.2.

22.1

(feedback contral)

[1-2].

- 12 -

i _
P s
’ Eal

3]

[ |

(sequential control)



2.2.2

[3-5].

[3-5].

[3-5].

- 13 -



[3-5].

[3-5].

2.2.3

[1-5].

224

[2].

- 14 -



4

, LED

> PLC, SSR

A

225

(ON),
(OFF)
[1-2].

- 15 -



2.3

i

|~ FE-A

FB-B

!

|MC—HI

!

|MC a?

HL

- 16 -



23.1

( - )
1
[1-2].
< 1>
— 0 2t
= 01 A S0 A
a | L
. |t off «— on]| of
b | = off
b on L% [ o
10
T , t
TLR B

- 17 -




L2

1)

<>

R

S TILR

(a)

23456 7 8

1

PA
P

TLR
E

(b)

- 18 -



32.2

( - )
[1-2].
2
2>
—T— : . o A
il —
ull U v—{u_
_ on ] off  ion
11
A B
T , t
TLR

- 19 -




L7

(03

(a)

23 456 789

1

PA

TLR

(b)

11.

- 20 -



3. EMFG

EMFG
3.1 EMFG
EMFG
3.1.1 EMFG

EMFG

- 21 -



EMFG 10

EMFG
EMFG
1: 10(a)
:PB, R, TLR
— pb, r, tir
PB , R
. TLR
2 10(a)

TLRg =R - PB TLRd =R’ , PB

EMFG
11

- 22 -

TLR



\Rﬂﬂr
f,P

EMFG

11.

EMFG

3.12

EMEFG

- 23 -



EMFG

1: 11(a)
:PB, R, TLR
— pb, r, tir
PB
2 11(a)
TLRg =R - PB TLRd =R ",
3 2

13

11
EMFG
, R
. TLR
PB
EMFG

- 24 -

TLR



3.2

EMFG

(double-bar)

pb

EMFG
[22-23].
EMFG
EMFG
EMFG

- 25 -



32.1 -

1) EMFG

bm

bm

bm

bm

1 Tg
Td -

26 -

tgdt

EMFG

, tn

tgtd

tn

bm

bm



l"l‘.

tgtd tgtd
tg ta AND-OR
tgat tgat
AND-OR
)
1
14 -
1
b1 b1
L U< b3
b : b2
b‘__,-f'
@) - (b)
14. - -

- 27 -

Tg

tgtd

Td

11 >5< h3




@ 14(@a) () 14(b)

15. 14 EMFG
3.2.2 - : - :
EMFG
EMFG
2) EMFG bm  bn tn

- 28 -



, tn

, tn bm

, tn

2 tn
, bn
bm
, tn bm, bn

, tn bm

(b)
, b1=0 b2=1
b3
@) EMFG (d)

- 29 -

bm

bm

, bn

b1=1, b2=0

EMFG

, tn

bm

bm

bm

bn

bm

bm

b3

(c)

16



b1

@

b1

b2

b1

b2

o

-

/"fﬁ

m

-

b3

b1

b3

b

- 30 -




i 17 (@)  bl=l, b2=0
(b)
, b1=0 b2=1
b3
(@) EMFG (d) EMFG
b1
S ™ b3
]
b2 _/,/C‘
fsa™
@) -
b1 b1 12
"o~ b b3 4#\%

“1"‘“1-
b2 /O b2

t2
b1

=~ t1 b3

o
b‘? I/’Clic

@) 17(0)

- 31 -

b3

()
17

b3




18 . b=1, b=0

b3 , b4
b2=1 b3
b1 b3
"'-..HH-. T1 ___._,..--""'-'C
T-a
" T
18.
EMFG
19
19 18 EMFG
18 19 EMFG
EMFG

- 32 -

. b1=0
, b4



EMFG

4.1

3
(L1, L2, L3)
L2
PB1
] PB2
al o @—4

T,
-
=
Al
-

20.

TLR2

A~ TLR2 -
—{ Dﬁl—E’L?
"'\-.-F"\\

-~ W,
—
=
JARC

C
Y  ITLR3
TLR3

o .0

- 33 -



PB1 — X (
PB2 —
X — a — TLR1
TLR1 — L1
— b — TLR2
TLR2 — L2
— c — TLR3
TLR3 — L3
PB2 X
TLR1 L1
TLR2 L2
TLR3 L3
4.2
20
1 20

- 34 -

TLR1
, TLR2
, TLR3

EMFG

EMFG



: PB1, PB2, X, TLR1, TLR2, TLR3, L1, L2, L3

— pb1, pb2, x, tirl, tlr2, tir3, 11, 12, I3

PB1

TLR2, TLR3

Xg = PB1 * PB2'

TLR1g = X
TLR2g = TLR1
TLR3g = TLR2

Llg = TLR1

L2g = TLR2

L3g = TLR3
3 2

PB2

, L1, L2 L3

Xd = PB2
TLR1d = X'
TLR2d = TLRY'
TLR3d = TLR2'

Lld = TLRY

L2d = TLR2'

L3d = TLR3'
EMFG

- 35 -

. TLR1,

21



pbi t1 x/q\) t "

13(s) /Ci—\,
- = - ->|—> ----r-]—v-
10
b? 2
P r ”':E-,r
“ i ] 12

21 20 EMFG

21 EMFG 14 29

22 EMFG



pbi i ® f3<s>

s

t

1

T4 I

—

6
o

e

T8 13

_--..{ ‘_,

|
|
D02 t? th<s> T
|
{2
t7<s>
t3
22. 21
22 EMFG 8
EMFG 6
EMFG

- 37 -

EMFG

17



EMFG

EMFG
EMFG
- /
- / - / EMFG
EMFG , EMFG
EMFG
EMFG

EMFG

- 38 -



[1] ¢ PLC , 2001
[2] , “PLC , 2000
(3] : ,
, 1998. 05, pp.252- 257
[4] .
Vol. 12. No 4, 1998. 8., p88-91
[5] : , -
Vol. 13 No. 3, 1998. 8., p106- 115
[6] James L. Peterson, "Petri Nets." ACM Computing Surveys, Vol. 9,
No. 4, pp.223- 252, 1977.
[7] James L. Peterson, "Petri Net Theory And The Modeling Of
Systems", Englewood Cliffs, NJ: Pretice-Hall, 1981
[8] R.Mascarenhas and D Karumuri, "Modeling and Analysis of a
Virtual Reality Systen with Time Petri Nets,” Proceedings of the 20the
international Conference on Software Engineering, pp.33-42, April 1998.
[9] T Kamakura., T.Shimoda. and Y .Dohi, "Implementation of a Large
Petri Net by a Group of Petri Net Controller,” Proceeding of the 23rd
International Conference on Industrial Electronics, Control and
Instrumentation, Vol. 3, pp.1210- 1215, July 1997
[10] Tadao Murata, "Petri Nets : Properties, Analysis and Applications",
Proceedings of the IEEE, Vol. 77, No. 4, p541-580, 1989
[11] Herve P. Hillion and Jean-Marie Proth, "Performance Evaluation of
Job-Shop Systems Using Timed Event-Graphs", IEEE Trans on
Automatic Control, Vol. 34, No. 1, January 1989

- 39 -



[12] C. S. Hwang and J. M. Lee, "Analysis of Matrix Equation Based
on Petri Net for Discrete System Control”, Proceedings of the 29th
SICE Annual Conference Interna-
tional Session, p639-696, July 1990.
[13] Said Laftit, Jean-Marie Proth, "Optimization of Invariant Criteria
for Event Graphs", IEEE Trans on Automatic Control, Vol. 37, No 5,
May 1992
[14] Rene David and Hassane Alla, "Petri Nets for Modeling of
Dynamic Systems a Servery", Automatica, Vol. 30, No. 2, pl75-202,
1994
[15] - :
1982. 2
[16] , .
Vol. 25, 1983. 6, p. 209- 219

[17] , “EMFG
Vol. 29. 1987. 12., p741- 760
[18] : ;-

, 1998 , 1998

, 1998. 6, p423-431

[19] -
Vol. 1. No. 2., 1998. 12,
p224- 238
[20] , -
Vol. 5. No. 7, 1998. 7., p.1896- 1907
[21] : : : “

- 40 -



”»
1

No. 1, 2001. 5, p6921- 695
[22] , :

[23] , :
EMFG v

No. 2, 2001. 11, p821-826

- 41 -

EMFG

Vol.



	표지
	차례
	초록
	1. 서론
	2, 관련연구
	2.1. EMFG
	2.2. 시퀀스 제어
	2.3. 릴레이 회로의 타이머에 대한 연구

	3. 타이머의 EMFG 표현
	3.1. 타이머의 EMFG 변환
	3.2. 이중바 트랜지션

	4. 적용예
	4.1. 램프가 순차적으로 점등하는 릴레이 회로의 동작
	4.2. 램프가 순차적으로 점등하는 릴레이 회로의 EMFG 변환 및 간소화

	5. 결론
	참고문헌

