000000000000 019100000 (2000.11.18)
gooD 191-5

oo dgbobooboooooogogn
oooon

An computer-aided system for planning of process operations by
using a qualitative model

o OO ooooo O

o Kenji Hoshi, Yoshiyuki Yamashita, Mutsumi Suzuki

gobodobbo oboobb obooobo

Department of Chemical Engineering, Tohoku University

goood

goo:

planning,synthesis,batch plant,operating procedure,qualitative reasoning

0980-8579 OODOOOOLOOOOOOoOrOUOOODODDOOOUOODOODDOOODUODODD

0 OO0 Tel.: (022)217-72660 Fax.: (022)217-72930 E-mail: hoshi@pse. che.tohoku.ac. jp

1. 0Ooo

goboooboooobooooooogooo

gobooo,0o0bo0ooooobooobooon

gboogooboogoooogoboobooboooog.

gobobooboooooobooobooobooboo
gobogooooobobbobooobobooooooo
gooobooooooboobooobobobbooo
gooooboobooobogobooboboboboboo
gobooobooooo.bbboboogboo
gobooobobooooboooooooobbooo
goooooooogag.
goboboobboooooobooooooobgo
gooboboboobobooooooboboooobn

gobooobooooobboooobobooobnD.

googbooooobooo,bogoboobobb
goboooboobobooobobbboooo
gobooobooooogooooboooooo

aggod
godobooodooooobooooooooa
goooo. oobo,0booooooooogd
O (Rivas and Rudd, 1974), 00 000000 Q0OO
000000000000 (Ivanov, 1984), 0 00
gogooboooobooooboooooboood
00000 (Tomitald , 1986) DO O OO0 OOO
00000000000 000000 (Fusillo and
Powers, 1988), 0 0 000000000 OOOOO
0O 0 0 O (Lakshmanan and Stephanopoulos, 1988,
1990) 000 0000000.0000000,0
gododooooboooooobo,ooooooaa
gooobboooobbooooooooboooa
goooooooogd.
gdodooooobooooooboooog
goooooooobooboo,0o0o0oooaao
goooooooo. booboooooooo
00000000000 (FoulkesO, 1988), OO

11—



gboooboboooooobooboooon
(Rotsteind , 1992), 00 000000000000
00000000000 D000 (Shankard , 1998)
goooooboogo.

googooogooobooboobooobobbo
goooobbooooboobboobooooao
goboooobbogoboboooooooooo
goooooooboooobooboooobooo
goooobbooobbooobooooooao
gobogooooobobooobbooboooooao
gobogooooooboobbobooooboboooo
gboobbooooboobobboooooboobo
goodoooobooboooobboooon
gbooobooooooooooboboobobon
goboooobobooobooobobobooooao
gogobooooooobooooob oooo
goooboboooooooooboboooogo
goboogooboon

2, JUoooooboooo

21 0DODOOOOO

Fig. 10000 0Ooooooooooogooono
goooooobooboooobobobooon
googbobooooooooligobobobooo
gogooooboboobobbooooobooooon
goooooooooo

gbooloboooobooooboobobobo
ooooobo0ob0ODFeg 20000000000
goboobooobboboogooboooooo
gooooobooboboogooo

gogooooboooooooobooobo
goboooboboboobobobbobooboo
goooobboboooobboobooboobo
gooooobooboooboooobobooboobo
goboobooobobooogoogooooboo
goobooboooooobbooobboooon

0ooo
|~~~
0o(To)
//
0000 (h) S
Doo1 |
00000 foromommooeeee
00000 f-r-mmmmmmmmmmee
0000 (hy
0o@)— |
0000 (H)

Fig. 1 MO0OoOoOOO0OO

gooboooooooooogooooo

22 0JO00OOO0OO4QoO

ooooooobooobooo400b00gn

goobooooboooooooobon

Hoooooooooobooo

2)0o0o0o0oboooDoo

J)uooooood

)
)
)
)

4Ho0o00oooooog

gobobooobgooobobobooboooo

23 0UO0OOoOooboOooboboaon

Fig. 100 00000000000000000
000000000000000000O0HOO
0000000.00000000000000
000 OFF/ON OO0 CLOSE/OPEN O 20 0O
0000000000000000000 0/10
0000000000000000000000



ooooog b |

(1
000000 bp------m------ - ooooof?
(3]
000000 bf---mm=m-m=m=m-- ooooo 4
|~~~
(9]
oooooo

Fig. 2 OO OO0OOOOOO

0ol H=0,0=0
002 H=0,v=1
003 H=1,v=0
004 H=1lwv=1

040 000000D0O0OFig 4000010000
gododbnbOO0OO0OO0OO0ODDDOOODODOO
oooboooooooooo2rbobonoobon

24 00O0OOOOODO

ooboo2r0b0obbbOobObobbOoonog
goobooooogoobboboobbooobooobo
gooooobobooooooooooooon
gooooooogobobboooooooon
goooobbbooooooooooobobooo
goooobooooooooooooboobbo
gobobooooobobobbboooooo
goooooooobobbooooooboooobo

25 0ODOOO04oOoboO

gogooboobobooboooooboooobo
Oo0oooooo(@oaes)oooooooo
gobogooogooooooooboobboo
gobogooobooooooooobgooon
gobooooboboobogoobooboooboboo
gobboboooooooooooobooo
gbooogooooooooobooboobogo
goboooogooooboboboooooboo
Oo00o000O0O000o00 hey O Ty, 77000

oo vq
oo pPa

0o 21\
|~

oo |
oo 4
Oood aAh
oo v, |
oo b, .
oo 2z
v,v1,v2 | OO p1,pe | OO
21, 22 oo g ooooad
p ooooad I ooooad
Ah ood d oo
l oo

Fig. 3 M OO00O

OooooooooooooboooodgonoOFig. 2
O0OFig. 100 OD0DDOODOIO0OOODOODOO
ooooooooooOOoOboO0O0bonDFig 2000
oooob40000000000DOOOOCOO
gbooooobobooogobbobooooo
goooobooobboooooooooboo
googoboboogoobooooboobooboon
googoboboobooobooooboooon
gbooooooooboooogooao
gooboooooogooobooooobooooo
goobooobooooooooobobooboobon
goboboooobooooboobbo

26 00O0OOO

000000000000000000000
0000000000 (Fig 3)

ooooon
i ;m v p2
—t—=—+zn=7"+—+2+Ah (1)
29  pg 29 pg
ooooooono
l 2
Ah=X = . 2)
d 2g



&) oooo
@ cooo

"”"fl X oooo@o)

3H=1] [4H=1
v=0| | v=1

N
®
64
= T (3)
dvp
Re=— 4
= (4)

27 0Uo0oOoooood

gooboooooobooooobbogoobooao
oo40000000DO

Hooooooooobooooooood

2)000oobobooooooboobn
byOOOOOOoOoOoOOooUoOoooo

3

)

)

(000000000000000

(
)00000000000000000000

ggdd

1)000000000000000
0000000000000 0Fig 20000
0000000000000000([)00000
0[2000000[B000000MO000000
0000000 00000000000000
0000000000000000000000
00000002 -0 [4-[5)0000000
0000000000000D000000000
00000000001 00000000000
0O[Op00000000000000000
0000000000000 000000000
0000000000000000000000

0000 Hhooooooooo

0000000 1)H)oOoOooooooooooo
O002-()00000000000000000O0
gobooooboooboboobooooobo
gobooogoboboobbobobboboooooo
goooooon
gogoboooogoooooboooobbon
goooooboboobgogoobooboooobgo
goooobooooooboboooboooooo
ooooOoOooooDboboDbObDObObODOFig. 40
goo

3. Uuoooogn

ooooboooobooooboooooog2rgno
gooooboooobobooooooooon
googooboboobbooooooooboooo
gobooooobooooooobobob

goboooboooooooooooooooboo
goboooboooogoooogooboboboobo
gobboboooboooooooooboooobo
gboboooooooboooooobogoooon
gobooooboobobboboooboooobon
goboooboooooobooooooooon
gogbooooboo

3.1 0UO0d0ogogood

Fig. 00 0ooooooooooooooono
gooooooooooooobooooogo
gogooboooooo

— dh
Vo ho — d—to (5)
dh
Vo ho—’l)l'hli)d—tl (6)

000000 000000000 Ooooog

O00oo0oo0ooUoooo((@o,e0)ooooooo

4



oooo

00=To
00dd=hy

000 (Vo)

Santn

0000(H)

od=T,

A
0ooo=h

000 1(Vy)
Fig. 5 M OO0DO0O0O0OOO0O

gooboooooooobobgoooooooo
good

00 —000000000000O0oOooo
gooogbooobboooobobobooooo
ooboooooo
goboobbooooobooboobooo

00
dT:
uo-ho.(TO_Tl)i)d—; (7)
dTy
H- = =L 8
o (8)
googo

3.2 0OOO0O0goood

gooobooobobobooboobogooboogan
gobooboboboooboooooooooboboboo
god
Fig.500000000100000MmO000
ocoooooooodOmboooooooboooo
O00o0o0o0o0dh/dd0000000000O00OD0O
dh/dt 0000000000006 ODOOO
O00000000dhy/dt>000000 hg,h O
gooobooooboboooD v,y OODOOO
gb ooboOo 1boobooooobbobooboooo

U0Ouv,vy OOODODODOO0ODD0ODO0OO0OO00000O0
gooooo

V1 = Vg (9)

goooobood

v1 ANvg =01 V U9 (10)

gooogooooobobobDOod ve,v OO
oo(oooo0oooooooooooooo
gooboooooooooooobobobogooboo

gogoobbooooooobbboooooobo
googbobboobbobooooooooo
gooobooobboooooooooooo o
googoooooobooooboobooboooo
gooobobboooooboobooogoao

33 UUOU0bUOOoouooouoooon

0()00@®000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000

dho — ho (11)

goboboboooobbbooobboooobooo
goooooboboooooooboobobobn
goooooooobboooogoooboo
goooooboon

4. O0O0O0oOoOooDoDO

OO0 O Fig. 6,Table 1,Table2 0 OO0 OO OO
gogogooobobobobooobbooboooo
gbooboooobbbooooboooboobo
gooobogoobooboo3gbbooboboooo
gogooboooobobboooboobobooo

-5



Tank O Tank 1

ooo . ' ooo
Table 3 (DO ODO1

O0[s] |vo | v1 | v2 | vs | va]|ws
/ Tank 2 TaTuk3 Tank 4™ 0.0 I 11 ]0 10 |1
ooo ooo goo 232 1
oo oo | [oo soe| |oo” Gy 282 |0
- 00000 |0000o0o0o0o0
ig. ooooo
g 6 M 0000 =0.10[m]
Tank 2
0 0=10.0[0]
0000 =0.18m]
Tablel (D OO0 Tank 3
0 0=53.6[0]
0 0 =1.0[m] _— 00 OO0 =0.10[m]
— an
00 =1.0[m) 00 =90.0[0]
0000=1.0[m]
Tank 0
00=10[0]
00 0=0 500[kg]
00 00 =0.63m]
0 0 =0.3[m]
00 =1.0[m]
0ooo=l.
Tank 1 Ofm]
00=90[0]
000=0 70k
0000 =1.0[m]
0 0 =0.3[m]
Table 4 (D00 02
00 =1.0[m]
Tank 20 4
0000=0[m] OO]s] [vo | v1 | v2 | v3 | vs| s
ooOd=00 0.0 1 1 0 1 1 0
0 0 =0.01[m] 125 |1 |0 [0 |0 [0 [0
Pipe 005 | 00 =1.0[m] 43.8 0 0 |0 0 0 |1
00000 679 |0 [0 [0 |0 [0 |O
00000 |0000o0o0o0o0
0000 =0.21]m]
Tank 2 —— .
Table 2 (000 0O =20.0[0]
Tk 3 0000 =0.10[m]
an
00000 (0000 00 =543(0]
Tank 2 0000 =0.100 1.0fm] Tk 4 00 00 =0.10[m]
— an
0 0 =00 20.0[0] 0 0 =00.0[0]
00 00=0.1001.
Tank 3 0100 1.0m]
0 0 =50.00 60.0[0]
00 00=0.100 1.0
Tank 4 [m]
0 0 =80.00 100.0[0 ]




00000021400000000000000
000200 Table 3, Table4 0 0 00
0000D060030000000000000
0000000000000000000000
0000 26%3 426x2 4 26x1 = 9266304[00] OO
000000000000 012800000 (48.1%)0
0000000000000505600 (1.90%)0 O
0000000000000000000000
0D000000050%00000

5. oon

goboooboboooooooooooooooo
goboogbooboooooobbboboo
goboooooboboooooooboooo
gobgoboooooogo
gogobogoooooobd n0000 mO
00000000000000 o™ 0000
goboobboooogooooooooooo
goooboooboboobobboboooobooo
goooboboboooobooooboooogo
gobogoooooobobooooooooo
gooooooboooboooao
goboooooooooooooogooon
gobooobooboooooooooboooooboo
gbooogobooobooboboobobobobobobn
gobooobooooooobooobooooon
goood
gobobobooobgoooooboobo
gooboooboooobobogoobobooooobgoo
goobooboooboobooobobobobbooobo
goobogooobbogoobooboboobooogo
googooooboooooboooobooboobo
googbooooooao

good

1) Rivas, J. R. and D. F. Rudd, Synthesis of failure-
safe operaions, AIChE J., 20, 320 (1974)

2) Ivanov, V. A. a, V. V. Kafarov, V. L. Kafarov and
A. A. Reznichenko, On algorithmization of startup
of chemical plants, Proc. PSE, 2, 114 (1982)

3) Tomita, S. , M. Nagata and E. O’Shima, Preprints
IFAC Workshop, 66, Kyoto (1986)

4) Fusillo, R. H. and G. J. Powers, Operating pro-
cedures synthesis using local models andh dis-
tributed goals, Computers Chem. Engng., 12, 1023
(1988)

5) Lakshmanan, R. and G. Stephanopoulos, Synthe-
sis of operating procedures for complete chemical
plants, Computers Chem. Engng., 12, 985 (1988)

6) Lakshmanan, R. and G. Stephanopoulos, Synthe-
sis of operating procedures for complete chemi-
cal plants —I, Computers Chem. Engng., 12, 985
(1988)

7) Lakshmanan, R. and G. Stephanopoulos, Synthe-
sis of operating procedures for complete chemical
plants —II, Computers Chem. Engng., 12, 1003
(1988)

8) Lakshmanan, R. and G. Stephanopoulos, Synthe-
sis of operating procedures for complete chemical
plants —III, Computers Chem. Engng., 14, 301
(1990)

9) Rotstein, G. E., R. Lavie and D. R. Lewin, A
qualitative process-oriented approach for chemical
plant operations —the generation of feasible oper-

ation procedures, Computers Chem. Engng., 16,
S337 (1992)

10) Foulkes, N. R., M. J. Walton, P. K. Andow and
M. Galluzzo, Computer-aided synthesis of cmplex
pump and valve operations, Computers Chem. En-
gng., 12, 1035 (1988)

11) Shankar, V., C. Johnson, R. Srinvasan,
V. Venkatasubramanian anud K. E Arrzen,
Automatic operating procedure synthesis for
batch process, Cojmputers Chem. Engng., 22,
1673 (1998)

12) Kuipers, B., Qualitative Reasoning, MIT Press
(1994)

13) 00 00,00 O0O,00 OO0, 00 00: 000
gobooooboobbooooooo,oboo
000000DO3001385 (1994)

14) 00 0:000000000000000000
0,0000000,5,482(1990)

15) 00 00,0000,00000:0000,000
0 (1989)

16) 00 00: 0000000,0000(1993)

17 00 00: 000 O00O0O0D00000,000
0 (1982)



